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PREFACE 

It will call forth no contradiction if we say that even to-day 
a vast number of substances are laid on one side as useless 
and are then exposed to the gradual decay which no organic 
body can escape, since it already contains the inherent con- 
ditions for decay — substances which, by rational treatment, 
would frequently be capable of further utilisation. Not 
rarely would such apparently worthless bodies produce a 
product, or even a series of products, which would make 
the value of the waste matter almost equal to that of 
the original material. 

To show the truth of what has just been said, and the 
general high importance of waste products in regard to re- 
utilisation and economic yield, I may point to the chemical 
industries. Nowhere is the number of such cases so striking, 
numerically as well as economically, as in these industries. 

I may recall for a moment the rich treasure in coal-tar, 
and mention the many oils and ethers, which so frequently, 
thanks to modern chemistry, owe their origin to residues and 
apparently worthless waste. 

More than ever in these days it is necessary to pay 
careful regard to the apparently valueless. Competition 
compels all round the most economical, and consequently 
the most rational, labour; and apart from proper manage- 
ment — economical execution, division of labour, and the 
replacement of manual labour by the exact machine-power 
— the means of prosperity for everyone is to be found in 
the greatest possible utilisation of all waste. 
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VI PREFACE 

In the second edition, which has become necessary, I 
have endeavoured to add all advances, all new and approved 
processes for utilising waste matters ; antiquated and unsuc- 
cessful processes have been omitted, numerous new practical 
methods of utilisation have been introduced. Thus I hope 
that the work, in its new form, may be and remain a prac- 
tical guide and counsellor to those engaged in technical and 
industrial work, in order that the apparently worthless may 
be transformed into new and valuable products. 
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INTEODUCTION 

There can be no doubt that a rational utilisation of the 
waste matters which are produced so frequently and abun- 
dantly in the manufactures and industries, is of extraordinary 
importance. 

Whilst we not rarely find that some waste product 
is accumulating in such quantity as to injure and retard 
the continuous progress of a branch qf industry, we also 
see, not rarely, that the rational treatment and utilisation 
of such waste products either increase very considerably 
the general profits of an industry or even form a separate 
and not inconsiderable source of gain. 

The numerous papers, which have had as their subject the 
profitable utilisation of waste matters, are frequently only to 
be found scattered in the form of occasional communications 
through the vast, widespread technical literature, so that, 
under ordinary conditions, it would be impossible for most 
men engaged in technical pursuits to discover, from among 
the abundance of material, that which is especially interesting 
to them and the requirements of their avocation. 
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It was no easy matter to exhaust the abundant material 
and arrange it, excluding all that was doubtful and super- 
fluous, in such a form that the practical man, whatever his 
calling, might extract what is really useful. 

Since the present work is the only one in the German 
language, which for the first time considers the treatment of 
waste products in a detailed manner and from a practical 
standpoint, the omissions which may appear here and there 
should be criticised in a friendly and well-meaning spirit. 
A smooth and well-trodden path may be traversed without 
danger even by an unsteady wanderer, but where the road 
must be first marked out and the rough path with difficulty 
smoothed, progress is a constant battle with hindrances. 
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CHAPTER I 
THE WASTE OF TOWNS 

Utilisation of Town Refuse. — The question of the removal 
and rational utilisation of the waste matter of towns has for 
more than two decades occupied the attention of interested 
industrial circles. At first the chief exertions were directed 
to extracting everything in any way useful from town refuse, 
and especially to converting the faecal matter into manure ; 
but the rapid development of the large towns compels the 
first attention to be paid to the removal of this material. 
Meanwhile the warning voice of hygiene had been raised, 
and severe epidemics had taught the importance and results 
to the health of the dwellers in large towns, especially in 
regard to the prevention of epidemic disease, of a clean soil 
as opposed to a soil saturated with decayed and corrupt 
matter. 

Thus it was that the question of the utilisation of town 
waste, in obedience to necessity, came more and more to 
verge into. How can the refuse matter of towns be removed 
in a manner satisfactory to hygiene ? The industrial utilisa- 
tion of this refuse took quite a secondary place. 

So many difl&culties are encountered in the manufacture 
of fertilisers from faecal matter, which is subjected to so many 
precise and emphatic sanitary regulations, that, especially 
since it requires considerable capital, it has been quite forced 
into the background. Large towns and cities become more 
and more favourable to the water-carriage of faeces. This is 
because the most prominent authorities in hygiene designate 
this method as the most suitable. They cast aside reflections 
on the loss to agriculture of the material, and also remove 
doubts as to the advisability of the method by advancing the 
proved automatic purification of rivers. 
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The removal and utilisation of that waste of towns which 
may be described as household refuse, or " dust," is a dififerent 
matter. In this case also a process of complete and innocuous 
destruction is to be regarded as the ideal. From the politico- 
economical point of view, and for the sake of the profit, it 
appears both desirable and justifiable to separate material of 
any value from the dust. The final solution of the problem 
will lie in the combination of the two endeavours : to extract 
from the dust what is still of value and convert it into useful 
product, and to destroy completely what is valueless. 

In England dust was, and is, frequently burned. The 
combustion takes place in special furnaces, called "destructors," 
according to the system of Freyer. Such a furnace bums all 
the refuse of a town, both dry and wet. It is said that, by 
means of the destructor, it is possible to burn dust to which 
a large quantity of inorganic, incombustible matter has been 
added. The furnace stands in a brick building, and is fed 
from above. To the platform of the building leads a stage, 
by which the dust-carts are brought up ; they then deliver 
directly over the opening of the furnace. The dust gradually 
descends. It is once for all lighted by means of a small 
coal fire, and afterwards burns continuously. It slowly falls 
farther and farther, finally reaching the part of the furnace 
at which the heat is most intense. The burnt residue passes 
through a grate into an ashbox, from which it can be easily 
removed. The installation consists of several furnaces in 
juxtaposition — in most towns six, but from eight to twelve 
are also found. From the hygienic point of view, it is 
important to know whether the gases given ofif in the process 
of combustion are harmful to the neighbourhood. It has been 
found that the combustion is practically complete ; however, 
in order to remove any carbon monoxide which may be 
present, a smoke-consumer is attached to the destructor. The 
temperature in the hottest part of the furnace cannot be 
measured; in the main flues it is about 300-400° C. An 
erection of this kind requires no great space. 

In the immediate neighbourhood of London there are 
seven or eight destructors, some of which are within London, 
and closely surrounded by houses. In Whitechapel, for 
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example, the destructor is only sixteen feet removed from the 
wall of the nearest house, without injury to the inhabitants. 
Destructors are in operation in at least twenty-four English 
towns, and some have been in use for more than fifteen 
years. A furnace of this kind burns per week (Sundays 
excepted) 24-35 tons — i,e, about 30,000 kilos. The 
cost of the process varies : in England it is estimated that 
it costs about one shilling to burn one ton of dust ; but in 
isolated cases the cost is reduced to about fivepence per ton. 
The products of the combustion have many technical uses. 
Mortar and stone are made from them ; also, the heat which 
is given out in the combustion of the dust is still further 
utilised, as for driving compressed air installations, for electric 
lighting, etc. 

In this connection, it is to be remarked that the dust 
of English towns is quite different in composition from that 
of continental towns, since in England coal is much more 
extensively used for heating private houses than in Germany. 

Later, in 1894, further progress was made in the con- 
struction of destructors. The system is considered the best 
in which the destructor is composed of a group of furnaces 
in the form of cells, generally six in number, built of fire- 
brick, and covered by an arch, which forms the top of the 
reverberatory furnace. The dust is emptied into an immense 
hopper at the top, from which it passes, after being rapidly 
dried, on to grates, similar to those of boilers, in the lower 
part of the apparatus, where it is burnt. About every twenty 
minutes a fresh charge is let down and burnt. On the 
average, each cell of the destructor, in which the fire is never 
extinguished, burns from 30—35 tons of dust per week. The 
ash and clinker from the furnaces are ground, and mixed with 
one-third of their volume of hydraulic lime, thus forming a 
blackish cement, not of very agreeable appearance, but selling 
at eight shillings per ton, and used in buildings for staircases, 
and especially for drains. The specially valuable part of the 
process lies, however, in the utilisation of the heat in the 
production of steam. With a good apparatus, each cell of 
the destructor gives ten horse-power, which is obtained from 
a boiler immediately attached to the destructor. In twenty 
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English towns the steam produced in this manner is used for 
disinfecting clothing and bedding. At Hastings the steam 
produced in this manner is utilised in pumping sea-water, 
which is used for flushing the public urinals and sewers, and 
for watering the streets. At Southampton the steam pro- 
duced by the destructor compresses air, by which the sewage 
is raised and carried away ; at the same time, it produces 
energy for an electric lighting installation. In other places 
this power is used for driving chaff-cutters, for producing 
mortar and artificial manures, and for driving grinding and 
mixing machinery. 

The importance of the removal and utilisation of dust at 
the present day, in view of the rapid growth of the great 
towns, is evident from the fact that London, for example, has 
to remove not less than a thousand tons daily. The ex- 
perience of Hamburg is interesting. After the cholera 
epidemic an attempt was made to burn the refuse, and, 
following the example of London, a furnace for dust was 
erected. The experiment was favourable under the condi- 
tions then prevailing ; the dust burnt alone, and only a 
certain quantity of coal was required to start the combustion. 
Later, the dust burnt alone, but produced a rough and 
apparently valueless clinker. In Berlin, also, a destructor 
was erected. The experiences of London and Hamburg were 
utilised : English workmen were engaged to build and work 
the furnace. Success was absolutely wanting, for there 
remained an incombustible residue amounting to sixty per 
cent. Thus, of 100 cwt. which were brought to, and had 
to pass through, the furnace, and which could only be kept 
burning by a great addition of coal, 60 cwt. had again to be 
taken away. The municipal authorities were therefore com- 
pelled definitely to abandon the experiment. 

In the next place, private industry stepped into the field. 
Eather more than a year ago a quite new method of disposal 
came into prominence, known as the " Budapest process." It 
requires large-scale arrangements for sorting the dust, such as 
were installed at Budapest, combined with the burning of the 
combustible portions. An endless band conveys the dust ; on 
both sides stand children to sort the rubbish. One has to 
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pick out green glass, another white glass, a third rags, a fourth 
bones, all of which are thrown into baskets behind the pickers. 
Then the contents of the particular baskets are collected, and 
everything still usable utilised. 

In Berlin this method was rejected for sanitary reasons. 
Dr. Weil, an authority on sanitation, gave a lecture to the 
Society for Public HealtTi, in which he stated that this so-called 
Budapest system, which was advanced in Berlin as quite 
novel, had already been forbidden in London by the law in 
1892. The advocate of the system could not answer Dr. 
Weil, whose statement still remains unrefuted, so that it may 
be accepted as correct. 

The method employed for utilising the household refuse 
of Munich at the large establishment at Puchheim, on the 
railway from Munich to Buchloe, is similar to the Budapest 
process. I am obliged to the managers of this large estab- 
lishment, now the third of the kind in Germany, for a 
complete insight into the method. 

Every day two special trains, of thirty to forty waggons 
each, arrive in Puchheim from Munich. Each waggon con- 
tains four large tracks known as " harritsches." The refuse 
brought by these trains amounts to 450-500 tons daily, and 
is completely treated in ten working hours. The cost of 
railway carriage is about £18 per day, and amounts to over 
£5000 per annum. 

The " harritsches." are taken up by a lift from the 
waggons, they are emptied by the bottoms dropping out, 
and are then brought back, - The contents of each truck are 
raked by a workman through a shoot, and then sieved. The 
fine sievings are used as manure, for which purpose they are 
in demand, since they contain no small amount of nutritive 
matter. The price fixed by the management must be re- 
garded as extremely low. The coarse residue then passes on 
to an endless band, from which, as in the Budapest process, it 
is sorted by women. The sorting produces a tolerable amount 
of valuable material. Especially considerable are the amounts 
of glass, rags, bones, and paper ; even hare-skins are found 
in the season. Old shoes are also plentiful. About 500—600 
bottles are collected every day. From the sorting band the 
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residue passes into a sieving drum, which has meshes of 
various widths. From the sieve the finer material, which is 
used as manure, is carried away by a screw conveyer. 

The utilisation of the refuse is here carried out in the 
most complete and rational fashion. Unbroken glass bottles 
are washed and cleaned by an iron bottle- washing machine ; 
they then again reach the brewer, wine merchant, etc. Broken 
glass is also washed in an iron drum ; it then goes to the glass- 
works. The countless rags are beaten in a special rag-beater, 
by which they are opened out and freed from dust. They 
are then dried, disinfected, and sorted according to the fibre. 
The fine dust is mixed with phosphoric acid, saltpetre, and 
dried blood in a special mixer. The compound is then filled 
into sacks for use as a fertiliser. Old iron, which is also 
found in considerable quantity in dust, is converted into 
green vitriol. Old shoes are used for obtaining ground 
leather, which is mixed with the fertiliser. Large quantities 
of tinplate boxes may be treated in order to obtain the tin. 

The works are plentifully supplied with steam-power, 
which is used for all the mechanical operations, and also 
carries out the electric lighting of all the rooms. There are 
about 3000 metres (nearly two miles) of railway track in the 
works. 

The residue, which absolutely cannot be utilised, is 
carried away on rails in small trucks, three of which are 
drawn by an ox ; it has hitherto been used for levelling the 
surrounding moor, but will shortly be destroyed by burning ; 
the necessary furnaces are already erected. 

From the sanitary point of view, the provision of lofty 
and airy working rooms, and of various ventilating fans, has 
satisfied the demands of health. 

The process of utilising household refuse at Puchheim, 
which is allied to the Budapest method, is doubtless more 
rational, and may at the present time be described not only 
as the most important of the kind, but also as the best 
equipped and best managed. 

The dust-melting process, based on the patent of 
Wegener, difiers from the above. The dust is fused at a 
temperature of about 2000° C. No sorting takes place, but 



UTILISATION OF TOWN BEFUSE 9 

the dust, as it is removed from the houses, is emptied into the 
furnace, which it leaves as a fluid glassy slag, which at once 
hardens when it has left the furnace. 

This process might certainly satisfy all the requirements 
of sanitation. The question as to the cost remains to be 
solved. It has, however, been shown that the dust is fusible, 
and leaves nothing but the above-mentioned slag.. The cost 
ought not to be unsurmountable, for the householder has already 
to bear the expense of removing the dust and of its disposal. 
On the ground of cost, it is necessary to utilise the heat of 
the furnace gases, which reach the flue at 1250° C. Any- 
one acquainted with the subject knows that this heat can be 
utilised. It is only necessary to measure the temperature in 
order to be able to show how many horse-power are available. 
This energy, according to measurements in fusing the total 
refuse of Berlin, amounts to 2800 horse-power per hour. 
There is no appreciable difficulty in utilising it ; it is, on the 
contrary, an important factor in calculating the cost of the 
process. 

Various experiments have been made with a view to 
utilising the slags, which constitute the residue in this process 
of fusing dust. It appears to be best to temper the slag, 
which flows out, by gradual cooling, so that it is not 
excessively brittle. The slag has also been powdered under 
stamps, and used as a substitute for emery. According to 
previous experiments, its hardness is 9°, the same as that of 
flint. It is also stated that this slag binds completely with 
cement. Since the slag is quite fireproof, it may well find 
employment in building, in particular for foundations. Taken 
on the whole, it is maintained that, according to previous 
experience, the fusion of dust would not cost more than the 
Berlin municipality now charge at their stations to the con- 
tractors for unloading — 10 pfennigs per centner (about IJd. 
per cwt.). If the excess of heat were completely utilised, this 
cost should be considerably diminished. It should be observed 
that it is proposed to dispose of the residues or slag, which, as 
compared with the 60 per cent, of Hamburg, only amount to 
1 2 per cent., to glassworks, where they would be ground and 
mixed with the glass charge. 
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In regard to the fuel, coal-dust firing is employed, and 
the intense heat can only be obtained in this way. A grate 
is consequently unnecessary, the coal dust is automatically 
thrown down from above by a special appliance. The dust 
at once takes fire at the high temperature and forms gases. 
The whole furnace is a mass of flame. No hearth is seen, but 
only burning gases, which fuse the dust. They then go, when 
this work is done, under the furnace to the flue, and should 
there be utilised. 

Above the furnace is a large opening for charging, 
provided with a double cover, which fits air-tight and 
prevents loss of heat. The upper cover is taken off, the 
lower remaining closed, a box of dust is then emptied on the 
latter, almost filling the space between the two. The upper 
lid is closed, and the lower lid, the valves of which open 
downwards, opened by means of a mechanism, so that the dust 
falls by its own weight into a pipe leading directly to the 
furnace. In this retort the combustion begins, the terupera- 
ture of 800° C. dries the dust, all combustible constituents 
are gasified, and thus produce fuel for the fusion of the 
incombustible portion. From the retort the unburnt dust, 
containing ash, crockery, iron, tinplate, etc., falls gradually on 
to a firebridge, where the temperature of 1200-1400° 0. 
softens some of the materials and causes the others to sinter. 
Subsequently the 2000° C. of the furnace liquefies everything 
present in the dust, and the liquid flows out continuously. 
The furnace is built of fireclay. 



CHAPTEK II 

AMMONIA AND SAL-AMMONIAC 

Rational Methods for obtaining these Substances by 

treating Residues and Waste 

Preparation of Ammonia from Guano. — In 1841, 
Young took out a patent for obtaining ammonia from guano 
(Muspratt's Chemie, 3rd ed., 1874, vol. i.). Vertical cylin- 
drical retorts are filled with two parts of guano and one 
part of slaked lime or another caustic alkali. The two sub- 
stances are mixed with a stirrer, then gently heated, and the 
temperature slowly raised to a red heat. Through the com- 
bined action of heat and the alkali, the whole of the nitrogen 
in the guano is converted into ammonia. Thus not only the 
ammonium salts already present, but also the nitrogen of the 
organic compounds, always present in guano, are obtained in 
the form of ammonia. 

Preparation of Ammonia Solution from the Ammoniacal 

Liquor of the Gasworks. — The patented process of Watson 

was carried out in the following manner (Muspratt's Ghemie, 

3rd ed., 1874, vol. i.) : — The crude ammoniacal liquor, together 

with a quantity of lime, which varies according to the 

quality of the liquor, is brought into a roomy retort or a 

boiler connected with a cooling apparatus. On warming, the 

gas is soon driven off, and is absorbed by the water in the 

receiver. On longer heating, much water distils over with 

the ammonia. As soon as this is observed, the receiver is 

changed and the later portions of the liquid caught separately, 

since the last portions are not alkaline, or only very slightly. 

This portion is brought back into the retort in a following 

operation, in order that it may be concentrated by a second 

distillation. The first portion distilled over is also not yet 

11 
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sufficiently pure ; it generally contains certain oily substances 
which can be mechanically separated, and, in addition, a 
tolerably considerable excess of water ; it must therefore be 
subjected to a second^istillation alone. The ammonia gas is, as 
before, caught in a little water, and the receiver changed when 
too much water goes over with it. .Thus a solution of ammonia 
is obtained, which is sufficiently pure for almost all technical 
■operations. The second portion of the distillate is reserved 
for the next operation, when it is again brought into the still. 

Concerning this process, Stohmann (Muspratt's Chemie, 
3rd ed., 1874, vol. i.) remarks with justice that it is quite 
unpractical, since several distillations are required in order 
to produce a commercial product. This may be avoided, he 
continues, by a methodical distillation, in which, during the 
operation itself, the quantity of ammonia contained in the 
vapours is increased, and the foreign constituents separated. 
The apparatus to be used for this purpose is an improved 
spirit still, by means of which a strong alcohol, free from 
fusel oil, may be obtained immediately from the mash liquor.^ 

The Dry Distillation of Bones produces a liquid which 
contains a large quantity of ammonium carbonate. Laming 
obtained ammonia solution from this liquid by first adding 
calcium chloride. Insoluble calcium carbonate and ammonium 
chloride (sal-ammoniac) are then formed. The liquid was 
then separated from the precipitate and boiled for an hour. 
All the volatile and gaseous impurities were thus removed. 
As soon as the liquid had cooled, it was mixed with a sufficient 
quantity of ferric hydroxide, by which all the sulphur com- 
pounds were converted into insoluble sulphide of iron. Milk 
of lime was then added, in order to set the ammonia free, and 
the liquid finally distilled. 

L. THote {GoTiipt rend,, 76, p. 1085; Dingier* s Journ.y 
209, 1873) utilised the waste of wool, hides, leather, horn, 
feathers, and sponges, which contains 6-15 per cent, of 

^ Newton used for this purpose, according to a patent in 1841, the still 
devised by Coffey, by means of which ammonia solution of any required 
strength, even to the strongest, can be obtained. Rose has also constructed an 
apparatus for the distillation of gas liquor. Compare Fleck, Fabrikation 
ehemiacher Producte aus thierischen AbfdUen, p. 160 ; Knapp, Chem. Tecknologie, 
8rd ed. vols. i. and ii. p. 534 ; Muspratt's Chemie, 3rd ed. vol. i. p. 648. 
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nitrogen, in order to obtain ammonium sulphate. When 
these waste matters are treated with a solution of caustic 
soda in from nine to ten times its weight of water, which 
should be done in the cold or at a gentle heat in order to 
avoid loss of ammonia, some are dissolved, whilst some entirely 
lose coherence. The slimy liquid so obtained is mixed with 
slaked lime to a paste, which is brought into an iron retort, 
connected to receivers, in which is chamber sulphuric acid. 
The mass is then distilled at the lowest possible temperature, 
in order to prevent the dissociation of the ammonia; when 
the evolution of gas has ceased, the retorts are heated to a 
red heat. After the operation there is found in the retorts a 
white powdery residue, consisting only of sodium carbonate 
and quicklime. If this residue be treated with water, caustic 
soda is again formed, and can be used for the next operation. 
The ammonium sulphate obtained is coloured ; it may be 
purified by recrystallisation. 

The following process {Ber, d, d. chem. Ges., 1873, 1553) 
was patented in England by W. M. Brown, for J. H. 
Elvert, of Geneva, and J. J. M. Pack, of Basle, for the 
preparation of pure ammonia from gas liquor: — The 
liquor is mixed in a closed vessel — cylinder or boiler — with 
the proper quantity of lime, drawn ofif into a second vessel, 
and there heated. The vapours and gases evolved are con- 
ducted to the bottom of the first vessel, which has meanwhile 
been recharged with gas liquor and lime, and thence, now 
containing more ammonia, to a condensing chamber, from 
which the more readily condensible constituents flow back 
through a connecting pipe to the last-mentioned vessel (No. 1), 
whilst the more voljitile constituents pass through a cooling 
coil into a second condensing chamber, where hydrocarbons, 
sal-ammoniac, and a small quantity of free ammonia are 
retained. The purified vapours, which are not yet condensed, 
are conducted through several vertical pipes filled with 
charcoal to receivers containing distilled water, which are 
changed as they become saturated. As soon as all the 
ammonia has been driven out of still No. 2, it is emptied, 
filled with the contents of No. 1, the latter charged as before, 
and the operation recommenced. When treated in thi& 
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manner, 1000 litres of crude liquor at S"* B. give, in the 
course of from four to five hours, 100—110 kilos, of com- 
mercially pure ammonia of 22^ B. 

The apparatus hitherto used for the distillation of the 
ammoniacal liquor of gasworks either consists of a still, in 
which the liquor is distilled alone or with lime, or two 
vessels are used, one of which serves to heat the charge, and 
the other as the still. If no lime were added, only the 
ammonia combined with volatile acids would be obtained ; in 
the other case the lime introduced into the apparatus caused 
danger of burning the still, a danger only imperfectly removed 
by the introduction of a stirrer. 

This evil is removed by an arrangement invented by H. 
Gruneberg, of Kalk, near Deutz {Polyt, Journ., vol. ccxxix., 
1878; Ger. Pat. 351, of July 13, 1877), which enables 
lime to be used without a mechanical stirrer, and thus brings 
about the saving of the whole of the ammonia, including that 
combined with hydrochloric and sulphuric acids, without 
causing injury to the apparatus. 

The fresh ammoniacal liquor comes from the tank into 
a boiler 7-8 metres long (23-26 feet), where it is heated; 
it then passes into the second boiler, heated by direct fire, 
thence to the third boiler, which is not in contact with the 
fire gases, where it is treated with lime to decompose the 
non- volatile ammonia compounds ; finally, after exhaustion, it 
is run off. In regular working, the second boiler is heated ; 
the fire gases which leave it surround the first boiler, and 
bring its contents to the boiling-point. The vapours evolved 
in the second boiler pass into the third through a pipe which 
has a rake-shaped end; in this boiler they drive out the 
ammonia set free by the milk of lime, which is introduced 
through a funnel. The ammonia, together with steam, passes 
through a pipe into the preliminary heater, where it takes up 
the volatile ammonia compounds, and, with these, passes 
through pipes into covered leaden boxes, filled with 50 per 
cent, sulphuric acid. The gases evolved here, principally sul- 
phuretted hydrogen and carbonic acid, are taken through a flue 
to the fireplace of the second boiler, and so made harmless. 

When the acid in the saturators is neutralised, the liquor 
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obtained is allowed to cool and the crystallised salt collected 
on drainers, whilst the proper quantity of sulphuric acid is 
added to the mother liquor and the mixture treated with 
ammonia vapours, so that a separate evaporation is not 
required. 

If sal-ammoniac is to be made, the leaden boxes are 
replaced by stone tanks filled with hydrochloric acid ; in 
this case evaporation of the liquid cannot be avoided. 

This apparatus has already been introduced into the 
ammonia works at Cologne, Hamburg, Stettin, and Leipzig. 
It has been found that it is easy to work, that the necessary 
repairs are small, and that the gas liquor is completely 
utilised. 

Sal-ammoniac from Gas Liquor. — The liquor is treated 
(Stohmann, Muspratt's Chemie, 3rd ed. vol. i.) either by 
distilling with a quantity of lime, proportioned according to 
the quantity of ammonium chloride or sulphate to be pro- 
duced, and the evolved ammonia led into hydrochloric acid, 
or the gas liquor is immediately neutralised by ammonia. 
The finest product, almost chemically pure, is obtained by the 
former process. 

In this process the liquor is heated with quicklime in 
a capacious still to boiling, the vapours taken through a 
coil cooled by water, in order to condense the greater quantity 
of the water, and the distillate allowed to flow into a tank 
containing hydrochloric acid. This tank is a wooden box 
lined with thick sheet lead, and closed by a cover. A pipe 
takes the unabsorbed gases — sulphuretted hydrogen, etc. — 
under the fire-grate of the still, where they are burnt and 
then pass into the chimney. The end of the coil dips into 
the acid, so that the ammonia, which is only partially con- 
densed in the coil, may be entirely absorbed. 

After about one-tenth of the liquid in the still has 
evaporated, all the ammonia appears to be driven out, a 
point which is recognised when a red litmus paper, held in 
the steam issuing from a test-cock, is no longer, or only 
slightly, turned blue. This tap is then opened and the still 
emptied, the air entering through the tap and thus preventing 
the sal-ammoniac solution from rushing back. 
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The ammonia gas is allowed to pass into the acid until 
the latter is just neutralised, when the salt solution is drawn 
off and the receiver charged with fresh acid. Generally the 
sal-ammoniac solution is so concentrated that it need not be 
much evaporated in order to attain the strength requisite 
for crystallisation. If it is then allowed to cool, a fine crop 
of crystals, almost quite white in colour and completely free 
from tarry matters, is obtained. 

The distillation can be more conveniently conducted if 
two boilers are connected together by pipes and cocks in 
such a manner that the vapours from each can be passed 
into the other. The first boiler is then first heated by 
direct fire; the latent heat of the steam brings the liquor 
in the second to boiling and volatilises the greater part of 
the ammonia, so that the ammonia from both quantities of 
liquid passes in the vapours from the second boiler into 
the acid. As soon as the first boiler is exhausted, its con- 
tents are run ofif; it is then refilled and fire made under 
the second boiler, in order to drive steam from it into the 
first and the ammonia thence into the acid, until the second 
vessel is exhausted, when it is again filled. Great economy 
in fuel is thus obtained, since double the quantity of ammonia 
can be obtained by using almost the same amount of fuel 
which is required for the distillation of the liquid in one 
boiler. There is also the advantage that far less steam 
passes over with the ammonia gas, and thus a much more 
concentrated sal-ammoniac solution is obtained. 

Utilisation of the Residue of the Caustic Alkali Manu- 
facture. — The caustic soda liquor (and caustic potash similarly) 
is made from 10 parts of calcined soda, 100 parts of water, 
and 20 parts of fresh slaked lime, by dissolving the soda by 
boiling, and then gradually adding the powdered and sieved 
lime. The boiling must be continued until there is no more 
sodium carbonate in the solution, the carbonic acid having 
united with the lime to form carbonate of lime, whilst caustic 
soda remains in solution. After cooling, the clear liquor is 
carefully drawn off and brought into closed bottles or carboys, 
so that it may not absorb carbonic acid from the air. The 
paste remaining in the boiler is then brought into linen 
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strainers, previously moistened with water, where the caustic 
liquor drains off, leaving behind the carbonate of lime. As a 
rule, the residue in the strainer is washed with warm water, 
when a somewhat weak caustic liquor is obtained, which can 
be added to a fresh operation, i.e. when fresh caustic liquor 
is boiled. The washed paste is then brought into wooden 
boxes, which are perforated at the bottom with very fine 
holes, over which coarse linen is laid. Here more liquor 
drains away. The stiff mass is moulded in moulds similar to 
those used in brickmaking. The bricks are dried on boards 
in the air ; the dried bricks are then very finely ground and 
sieved in order to remove all impurities. The fine powder may 
then be used in various manufactures {Neiceste Erfindungen 
und ErfahrungeUy 1896): — 

In the preparation of an artificial chalk, for which some 
binding medium is requisite, the mass is made plastic with 
an addition of water-glass as binding agent, then pressed and 
slowly dried. The mass thus becomes as hard and firm as 
natural chalk ; it can easily be cut up for use as writing chalk. 

For the manufacture of a fertiliser for grass : the dried 
residue always contains a few per cent, of alkali, which cannot 
readily be removed by washing. In combination with other 
fertilisers this is very useful, especially when it is mixed with 
sieved wood ashes, bone meal, ground excrement or dried 
blood in certain proportions. The following are very good 
proportions : — 

Fifty parts of the ground alkali residue, 25 parts sieved 
wood ashes, 20 parts bone meal, 20 parts excrement, 10 parts 
dried blood. 

Another composition: 50 parts ground alkali residue, 50 
parts bone meal, 30 parts ground excrement, 30 parts sieved 
wood ashes. 

And another: 60 parts ground alkali residue, 60 parts 
sieved wood ashes, 30 parts ground kainite, 40 parts ground 
excrement. 

These are all well mixed, sieved, and packed into casks, 
which must be well closed. 

Utilisation of the alkali residue in making polishing 
powder and paste. The following recipes are given :— 
2 
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Polishing powder: Finely powdered residue (containing 
soda), 50 parts; finely powdered rouge, 20 parts; finely 
powdered magnesia, 10 parts; finely powdered glass, 20 
parts. These substances are very thoroughly ground 
together and the mixture sieved. 

Polishing paste : Finely powdered residue (containing 
soda), 60 parts; kieselguhr, well sieved, 40 parts; rouge, 20 
parts; glass, finely powdered, 20 parts; magnesia, 10 parts. 
These substances are well mixed, and then well ground with 
oleine to a paste on a paint mill. 



CHAPTEK III 

KESIDUES IN THE MANUFACTUEE OF ANILINE 

DYES 

Utilisation of the Residues. — In the manufacture of 
magenta resinous residues are produced, in which is con- 
tained, in addition to organic matter, almost the whole of 
the arsenic originally employed. 

According to Bersch, this arsenic may be regained in 
various ways. The arsenious and arsenic acids in the resi- 
dues are first brought into solution by boiling with hydro- 
chloric acid, and extracting the undissolved residue with 
water. The two solutions are mixed and neutralised with 
soda, when a dark green precipitate is produced. The liquid 
filtered from the precipitate, which is now a solution of 
sodium arsenite and arsenate, is mixed with milk of lime, 
which precipitates calcium arsenate. The precipitate is 
decomposed, in vats lined with lead, by sulphuric acid, to 
which a little nitric acid has been added. The solution of 
arsenic acid is drawn off from the deposited gypsum and 
again used, after concentration, for the oxidation of aniline oil. 

In order to work up the mother liquors of the magenta 
manufacture for arsenic acid, the acids of arsenic are pre- 
cipitated by lime, the precipitate washed and dried, and the 
arsenic reduced by ignition with coal. The arsenic vapours 
evolved are allowed to come in contact with hot air, by 
which they are burnt to arsenious acid, which is condensed, 
and again oxidised by nitric acid to arsenic acid. This 
process is, however, only suitable if concentrated liquors are 
in question. Weak liquors should be evaporated in shallow 
pans, which can be heated by the flue gases from other 
apparatus ; after this concentration they may be treated by 
the former process. 

19 
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Another method, which (according to Bersch) is suitable 
for works with very cheap fuel, and to working on a very 
large scale, consists in mixing the very concentrated solution 
of sodium arsenate with powdered chalk and lignite, drying, 
and heating the mass in a furnace. The vapours of the 
(reduced) arsenic are allowed, by contact with air, to burn 
to arsenic trioxide, which is condensed and deposited in long 
flues. The residue in the furnace consists of soda mixed 
with calcium carbonate ; it is extracted with water, and 
thus both substances may be again used in succeeding 
operations for recovering arsenic. 

In order to obtain magenta from the mother liquors left 
after the crystallisation of the dyestufif, soda solution is 
added, which separates the magenta. From the residual 
liquid the arsenic is regained by one of the methods 
described. 

If the mother liquors are to be worked up systematically, 
shallow leaden pans must be employed, which are closed and 
provided with vapour pipes leading into a chimney with a 
good draught. When possible, the pans are heated by the 
flue gases from the vessel in which aniline is transformed 
into magenta. The very concentrated mother liquors yield a 
considerable quantity of sodium arsenate, and the liquid still 
remaining may, in order to obtain the rest of the arsenic, be 
precipitated with lime, and the precipitate converted into 
arsenic acid, as previously described. 

By systematic treatment of the impure mother liquors 
from the manufacture of magenta, several firms have suc- 
ceeded in producing certain definite shades of reddish-brown 
and brownish-red, passing over to the deepest brown. It is 
of the first importance always to produce these of the same 
nature; so that the same shade of colour may always be pro- 
duced by a dye which has once been known in commerce 
under a certain name. This object may be attained, according 
to Bersch, by always working by one and the same process 
in the manufacture of magenta, and by always treating the 
mother liquors by the same process of evaporation. 

Treatment of the Residues produced in the Manu- 
facture of Aniline Red. — The methods with arsenic acid 
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and mercuric nitrate, as also Coupier's process with nitro- 
benzene, iron, and hydrochloric acid, give only a yield of 
30-40 per cent, of the aniline employed in the manufacture 
as saleable dye. The Actiengesellschaft fiir Anilin-Fabri- 
kation, of Berlin, has now found, according to a patented 
process, that the air-dried residues give, on dry distillation 
from horizontal retorts, a distillate which, together with water 
and ammonia, also contains aniline, toluidine, xylidine, and 
their homologues, which can again be directly employed in 
the manufacture of aniline red ; and, in addition, a high-boiling 
oil, which consists principally of diphenylamine, and contains 
also naphthylamine and acridine. The residual coke is used 
as fuel. 



CHAPTEK IV 

AMBEE WASTE 

Utilisation of the Waste. — Attempts have been made 
to weld amber cuttings together by heat, but never with great 
success ; the mass obtained has lost somewhat in beauty of 
colour by being turned brown by the heat. A better process is 
the following : — After the cuttings have been sorted according 
to size, they are treated for several hours by solvents such 
as carbon bisulphide, ether, etc. A plastic mass is obtained, 
which is spread out on a table so that the excess of solvent 
may evaporate, when it is compressed under great pressure 
into the requisite moulds. 

In certain cases it would be advisable in this process to 
apply a gentle heat in order better to unite the isolated parts, 
and to press them better into the moulds. 

The pieces obtained, which have already the general shape 
of their final form, are further treated in the ordinary manner 
and then polished. 

Whilst the lumps of amber welded together by the old 
process are very brittle, those obtained by the process just 
described are characterised by great elasticity. Holes may 
be bored in them without fear of cracks or breaks, which 
often occur in the pieces amalgamated by heat alone. 

In order to obtain articles of a cloudy or speckled appear- 
ance, small pieces of hard amber are mixed with the plastic 
mass ; these pieces, when they differ in colour, give the article 
a novel character. 
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CHAPTEE V 

BREWERS' WASTE 

Utilisation of Malt " Combs." — These are an excellent 
food for cattle. 

Utilisation of Brewers* Grains. — They are used as food 
for cattle. They should be employed as fresh as possible, 
since lactic acid readily forms, which then later produces 
butyric acid, acetic acid, etc. This objectionable alteration 
of the grains is recognised by the loss of the pure malt odour, 
the smell becoming distinctly sour. In feeding with grains 
it is necessary to add chopped hay or straw in order to cause 
the cattle to masticate. For a short period — about fourteen 
days-i— the grains may be kept in tanks, in which they are 
weighted down with boards and stones, and covered with 
water to a depth of several inches. The tanks must be kept 
very clean, and when emptied, must be lime-washed until the 
coating does not turn grey — which is a sign that acid is 
present — but remains white. When kept longer, brewers' 
grains are deposited in a pit in the ground and covered by a 
thick layer of earth. The pits should be of such a size that 
the grains in each are used in eight, or, at the most, fourteen 
days. Fermenting grains are a valuable manure. 

There are four methods of preserving grains to be con- 
sidered. The first, drying in the kiln, gives very good results, 
but the process is too expensive. The second, which is com- 
ing into use in England, consists in expelling the moisture in 
centrifugals, into which hot steam is- conducted ; the grains 
then become pressed into solid cakes, which are recommended 
as a most excellent food for cattle. In another method, the 
grains, mixed with other suitable foods, such as bran, meal, 
peas, beans, etc., are mixed up to a paste, and baked into a 
kind of bread. The product is brown, porous and friable, smells 

23 
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and tastes similarly to fresh rye bread, mixes with water, and 
may be given dry mixed with other chopped fodder, and also 
as a drink. Finally, storage, with an addition of common 
salt, in pits with cemented brick walls, is said to have been 
effective. 

Utilisation of the Teast. — Pressed yeast, commonly 
known in England as German yeast, is produced. H. Eiidinger 
gives the following account of its preparation:^ — 

After the termination of the main fermentation, the yeast 
which has separated in the fermenting vats is collected in a 
large tub, provided with a series of plugged holes in the 
side. The mass is left at rest for some hours, when the 
yeast settles, and, by opening the upper holes, a quantity of 
raw beer may be obtained, which is either put into a barrel 
or added to the fermenting vat in the next fermentation. 
After this beer has run off, the tub is filled up with clean 
water, the whole well stirred and allowed to deposit. After 
about an hour the liquid may again begin to run off. The 
upper holes are opened ; the liquid, which is at first clear, is 
removed, but when it begins to be tolerably turbid, it is run 
through a sieve, on which a wet coarse linen cloth is spread. 
The linen retains the greater portion of the yeast ; but after 
some time the pores of the cloth are so filled by it, that the 
liquid runs away very slowly. It is therefore necessary to 
have several sieves in readiness so that the operation may not 
be stopped. 

The running-off of the liquid, by opening lower holes, is 
continued until the yeast begins to appear as a thick liquid, 
when the holes are again closed. The yeast on the linen is 
removed and returned to the tub, which is again filled with 
water, and the yeast treated exactly as before. This wash- 
ing is continued so long as the yeast on the linen has a fairly 
strong bitter taste. In most cases three or four treatments 
of the yeast, with fresh quantities of water, are sufficient to 
remove the bitter taste to the required extent. 

The washed yeast is now collected and freed from water, 
for which purpose a system of filters is arranged near the 

^ Die Bierhrauerei und Mcdzextract-Fahrikatioriy H. Riidinger, published by 
A. Hartleben, Vienna, 1887. 
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yeast-tub. The uppermost part of this apparatus is a fine 
hair-sieve ; below this are placed several frames, across which 
linen cloth is stretched, being hung at the four corners of the 
frame to wooden pegs by means of stitched-on loops. The 
turbid liquid coming from the top cloth leaves a portion of 
its yeast on the next, also on the third, and so on, finally 
leaving the last cloth with only a slight turbidity; it is 
received in a tub, where it deposits the remainder of the 
yeast as a fine, slimy residue, whilst the supernatant liquid is 
quite clear. 

The pores of the filter cloths are soon so filled by the 
fine particles of the yeast that only a little liquid can pass 
through ; frames in this condition are removed, allowed to 
drain spontaneously, and replaced by fresh frames. When 
finally all the liquid has been brought from the tub on to the 
filter frames, the latter are allowed to stand until no more 
liquid drips from them. The yeast now appears upon the 
cloths as a brownish-coloured soft mud, which is removed by 
spreading the cloths out flat, and scraping ofif the yeast with 
a blunt wooden blade. 

The paste is now brought into a very strong cloth (press 
cloth), this is surrounded by a second cloth, and the whole 
brought under a screw press, where at first a gentle pressure — 
the liquid should not run away turbid — and then gradually a 
considerable pressure is applied. When once a considerable 
quantity of water has been pressed out of the yeast, the 
pressure may be allowed to rise tolerably high, so that the 
compressed yeast taken out of the press cloths is a mass 
which may be compared in consistency with new cheese. 

In order to be able to keep the pressed yeast without 
alteration, it is advisable at once to divide it into rectangular 
blocks of definite weight (500, 250 grms., i,e. about 18 or 
9 oz.), which are then wrapped in oiled paper or tinfoil, and 
kept in a cool place. 

Utilisation of the Bottom Teast. — If bottom yeast is 
to be converted into useful bakers' yeast, it must be washed. 
It is first run through a fine hair-sieve into a vat, which is 
somewhat deeper in front than behind. In the front wall 
of this vessel, in the middle stave, which may be somewhat 
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thicker than the others, in order not to lose strength, are 
bored holes at intervals of 5 cm. (2 inches) at the top, 
and at smaller intervals below ; the holes are now closed with 
plugs. The yeast is stirred with water, to which a good 
eggspoonful of powdered ammonium carbonate is added per 
hectolitre of yeast (22 gallons). When the yeast has settled, 
the plugs' are drawn one after the other, and the water 
allowed to run off. The yeast is now rarely white enough, 
so that the process must be repeated a second and third 
time. The second time less ammonium carbonate is added ; 
the third time, none. 

This process is occasionally also used for top fermenta- 
tion yeast, in which case two additions of water, without the 
salt, are generally sufficient. When the yeast is white 
enough, it is filled into press bags and well pressed ; it is 
also frequently kneaded with starch, partly to improve the 
colour, partly to give it more the nature of a so-called short 
or crumbly yeast. 

Utilisation of the After-Worts. — These are advan- 
tageously employed, instead of water, for mashing the malt of 
the next mash, if that takes place immediately after the 
one from which the after-worts were obtained. If it would 
be necessary to wait only several hours, it is advisable 
to use the after-worts together with the wash-water of the 
grain for preparing malt vinegar. For the same purpose, i,e, 
vinegar, all other residual liquors — the last portions of the 
beer, which are turbid owing to the presence of yeast, etc. 
— may be employed. 

For the last-mentioned purpose a wide but low vat, 
provided with a cover, is brought near the brewing vessel. 
The liquids enumerated above are brought into this vat. In 
order to commence the formation of vinegar, it is only 
necessary to introduce a few glasses of sour beer or some 
" mother of vinegar." After the liquid has stood for some 
hours in this vat, it may be drawn off into smaller vessels, 
placed in some situation at an ordinary room temperature. 
If the vinegar is found to be too weak, one-hundredth of its 
volume of distilled spirit is added, for which purpose the 
crude distillate may be used. 
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Utilisation of the Deposit in the Coolers. — This 
deposit may be used as fodder in conjunction with brewers' 
grains or distillery wash. 

The Utilisation of Spent Hops as Cattle Food has 

been treated by 0. Kellner.^ 

The spent hops (accorditig to Kellner), on account of 
their composition, which corresponds to that of red clover 
hay of medium quality, have recently been much recom- 
mended for fodder. Since, on the one hand, this refuse is 
produced in large quantity and has hitherto been utilised to 
an inadequate extent, and, on the other hand, it was of great 
interest to learn the behaviour of such an extracted vegetable 
substance towards the digestive juices, Kellner undertook to 
ascertain the digestibility of spent hops by a direct nutritive 
experiment. The results showed that the digestive co-efficients 
of the constituents of hops, with the exception of that of the 
crude fat, are lower than have hitherto been found for any food 
directly tested for digestibility. Since the extraction in the 
brewing did not afford a sufficient explanation of this remark- 
able result, other conditions were included in the scope of the 
observations. It was then found that about 24 per cent, of 
the crude fibre is lignin, which, being in intimate admixture 
with the cellulose, considerably decreases the digestibility of 
the latter. Also in spent hops a portion of the protein is 
found in combination with tannic acid, which is known to 
hinder the action of the digestive juices. Only the crude fat 
had a normal digestive value. Since this constituent of hops is 
certainly composed of substances which have not the chemical 
constitution of ordinary fats, it may also be assumed that the 
digestibility of the hop fat is not equal to that of the ordinary 
fats. 

Thus, in consequence of the low digestibility and the 
reluctance with which cattle eat spent hops, this substance 
cannot find any extensive use as fodder. 

The residues in question are best employed in preparing 
compost, perhaps after the residual portions of the wort have 
been removed by water, to be further utilised in beer. Small 

1 Deutsche IcmdwirtJiscJiaftliche Presse, 1879, No. 55, pp. 332, 333 ; Bieder- 
xnann's Centralbl. fiir Agricvlturchemie, 1879, No. 9. 
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additions of hops to the daily food are not to be rejected, 
since the appetite of the animal is increased thereby. The 
proposal of Pott, to add spent hops in place of the usual 
straw to the cakes of distillery and brewers' grains, appears to 
be worthy of attention, especially since the tannin in the hops 
has probably a preservative action. For the same reason 
spent hops might perhaps be used with advantage in storing 
sliced beet, etc. 

The best method for treating fiicdt "combs'* for use as 
food or manure consists in grinding to a coarse meal, after 
well cleaning and removing dust. This substance must 
always be mixed with other foods; it is most suitable for 
improving a ration of chopped straw. By grinding, the 
"combs" are made more easily attacked, and hence more 
digestible. The same reason holds good when malt " combs " 
are to be used as a fertiliser. From experiments of A. Fericka, 
it appears that the differences in the vegetation obtained with 
different manures are very considerable, and that ground malt 
" combs " treated with sulphuric acid affords the best means 
of increasing the growth of grass. The process of treating the 
ground " combs " with sulphuric acid is as follows : — In a large 
tub, 5 cwt. of the ground "combs" are steamed, with the gradual 
addition of boiling water, until a paste is produced, which is left 
at rest for two hours, after which the whole mass swells up 
considerably, and it is then found that the meal has absorbed 
the whole of the water, no more remaining at the bottom of 
the tub. Then the mass is again scalded, this time with an 
addition of about 10 lb. of sulphuric acid to the boiling 
water. After cooling, the material may be at once used for 
manure; it is especially suitable for incorporation in poor 
composts. 



CHAPTER VI 
BLOOD AND SLAUGHTEE-HOUSE EEFUSE 

Utilisation of Blood. — W. L. Palmer employs blood 
to obtain a plastic material. It is passed through a fine 
sieve, dried, pulverised, then mixed with 20 per cent, of 
bone meal and 10 per cent, of size, placed in the required 
moulds and subjected to a high pressure at 120° C. This 
application of blood, and also earlier uses, in which blood 
and sawdust were used in preparing plastic masses, are now 
of no technical importance, since cellulose can at the present 
day be employed much more successfully in making artificial 
wooden ornaments. 

Treatment of Blood. — The great obstacle to the use of 
blood in manufacturing processes is its decomposition, which 
rapidly occurs. This obstacle may be combated in one way, 
by carrying out all the operations as rapidly as possible. 
Heinson Huch of Brunswick has also patented a simple process 
{Neueste Erfiifidungen und Erfahrungen, 1877) for protecting 
blood from decomposition and drying it. According to this 
process the blood, in the vessel in which it is caught from 
the slaughtered beast, is stirred as it flows in with about 
3 per cent, of ground or finely powdered quicklime, i.e, about 
450 grms. (one pound) for each bullock. After stirring for 
three to five minutes the mixture is allowed to stand. The 
lime rapidly settles to the bottom and the blood coagulates 
in a few minutes. It is then removed and placed in the 
sun in an airy position to dry, the drying being accelerated 
by stirring at intervals. In a short time the blood is dry ; 
it remains free from smell and taste, and does not evolve 
ammonia. In the winter the drying must naturally be 
accomplished in a kiln, or a stove if the quantity is small. 
The ground or powdered lime comes in contact with all parts 
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of the blood during stirring ; it unites with some of the water 
and sinks to the bottom without leaving perceptible traces 
in the blood, which only becomes somewhat more alkaline 
and dries inore readily, without clotting fast together, as 
happens in evaporating. Since no smell at all is evolved, 
the blood retains the whole of its nitrogen, which is very 
important to its value as a fertiliser. 

G.Thenius has also described the practical treatment of 
blood (Neueste Erfindungen und Erfahrungen, 1878). Bullock 
blood is that which is obtained in the largest quantity in 
slaughter-houses. In order to obtain it in a readily fluid 
condition, it is stirred with a stick for some time until the 
fibrin has separated in long threads, when the stirred blood 
is brought on to a fine hair-sieve and washed with water. 
The washed fibrin is placed on dry cloths, so that it may 
rapidly be freed from water, as otherwise it quickly de- 
composes. After this operation with dry cloths has been 
frequently repeated, the fibrin is placed on a hair-sieve and 
dried at 120° C. in an air-bath. It is to be observed that 
this fibrin still encloses some globulin, and cannot be regarded 
as pure. The globulin and also haemoglobin, "the colouring 
matter of blood, are always enclosed by the fibrin ; they may 
be removed by long continued washing, in order to obtain 
pure fibrin. 

The blood freed from fibrin does not decompose so 
rapidly and may in cold weather be kept for some time. 
The author treats the fluid blood mainly by two 
methods : — 

1. By drying upon flat zinc sheets (previously oiled), the 
edges of which are turned up to prevent the fluid from 
running ofif, in drying-stoves, provided with shelves, and in 
which the temperature is maintained at 30—35° C. The 
dried blood, which is now obtained in thin transparent sheets, 
is used in sugar-works, for the sake of its albumin, for 
clarifying the juice. From 100 parts of the fluid blood 
about 21—22 parts of the dry substance are obtained; thus 
7 8-7 8 '5 per cent, of water has to be evaporated. The 
author has constructed a special furnace for this drying- 
stove, the arrangement of the flues in which has been found 
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to be very effective; a regular heat is maintained, and the 
expenditure of fuel is low (Fig. 1). 



FiQ. 1. — Vertical Section of the Fumace, with Drying-Stovra for Ue&ted Air. 
A, Furnace ; a, hearth ; h, ashpit ; c, door ; d, fiues ; f, chimney ; f, air 
passages ; g, covering plates. B, Drying-Stove ; a. shelves ; b, pipes for 
the moist air. O, Workrooms. 

2. By thickening the fluid blood in pots with continuous 
stirring, in order to obtain blood meal. The author has 
constructed for this purpose a special furnace (Fig. 2), 



Fta. 2. — Longitudinal Sei^tion of tbe Furnace used in making Dry Blood Meal. 

which has been very satisfactory. In the figure, a is the 
fireplace, B the grate, c the ashpit, d the flue ; the chimney, 
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/, which receives the flue, is regulated by the damper, e. The 
flues are roofed with cast-iron plates, h, upon which is a 
sand bath, g, containing the iron vessels in which the stirrers, 
i, can be kept in motion from the shaft, h Eound the furnace 
is a platform, shown at e, to facilitate the removal of the pots 
and the actuation of the stirrers by a labourer. 

The fluid blood is brought into the pots, which should 
only be half filled ; they are then placed in the sand-bath 
and the stirrer A, i, put in position. The furnace is then 
heated and the stirrers set in motion, in order that the blood, 
which soon coagulates, may not stick to the walls of the pots 
and burn. When the stirring is continuous, the mass, which 
was at first pasty, is gradually converted into a pulverulent 
condition ; it acquires thereby a dirty brown colour, which 
turns to reddish brown as the drying proceeds. The vapours 
evolved during this period have a peculiar odour and oxidise 
metals, such as copper, very rapidly. The workman in charge 
of this operation is almost intoxicated by breathing these 
vapours, especially when fresh blood is being treated. As 
soon as the pulverulent blood has become quite dry and no 
more vapours are evolved, the stirrers and pots are removed 
from the sand-bath, the pots emptied into sheet-iron vessels 
which can be well closed, and the contents allowed to cool. 
When quite cold the blood is dust-dry and can readily be 
ground. The average yield is 2 0*5-2 1*2 parts from 100 
parts of fluid blood, so that, as a maximum, it may be assumed 
that 78*8 per cent, of water and gases are lost in evaporation. 
When the blood, whilst still somewhat moist and powdery, 
is filled into strong linen bags and subjected to a considerable 
pressure in a press, there is obtained a watery and fatty liquid, 
the fat of which solidifies at low temperatures and can be 
separated from the water. The quantitative yield of this 
liquid is 2*7—3 per cent. The aqueous solution contains the 
salts. The solid compressed residue is more adapted for 
storage than the blood meal, since it does not absorb so much 
gas or attract moisture. The dry blood may either be used 
for producing prussiate of potash, or for obtaining a very 
good charcoal containing nitrogen, and also as an admixture 
to artificial manures. 
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The followiDg apparatus (Fig. 3) is used in making blood 



charcoal. The dried and powdered blood should not more 
than half-fill the cylinder, since the mass swells on heating. 




the stirrer, B, must always be kept in motion. The 
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cylinder (Fig. 4) is made of cast iron or thick sheet-iron and 
is constructed to remove from the furnace d. The stirrer, 
B, can also be removed together with the lid from the 
apparatus, in order to facilitate cleaning. 

The vapours evolved, consisting chiefly of ammonia and 
empyreumatic oils, pass away by the pipe, /, to the receiver, 
g, which contains a leaden vessel, in which is dilute sulphuric 
acid. The ammonia combines with the acid to form ammonium 
sulphate, whilst the oily substances swim on the surface and 
can be utilised as Dippel's oil. Fresh dilute sulphuric acid 
must frequently be supplied to the receiver, g, after drawing 
off the saturated ammonium sulphate solution. As soon as 
no more vapours are evolved from the apparatus, it is 
removed from the furnace, allowed to cool for several hours 
with frequent stirring, then opened, and the fine blood 
charcoal brought into a vessel which can be tightly closed. 
This charcoal absorbs gases with such extraordinary rapidity 
that it is often so strongly heated as to become red hot. In 
medicine this preparation is known under the name of carho 
animalis ; it is principally used for dusting malignant wounds, 
which give off much bad gas and smell. When freshly 
burnt, it could be used for the disinfection of hospitals and 
similar buildings. If blood charcoal be ignited with potash it 
acquires a much greater decolorising power. On this account 
the charcoal is preferred in lumps, which contain many pores. 

The most important technical use of dried blood is in 
the manufacture of potassium cyanide. 

If dried pulverised blood or blood meal is allowed to lie 
exposed to the air, it soon gives off ammonia and continually 
attracts moisture from the atmosphere. This formation of 
ammonia takes place more rapidly if the blood meal is mixed 
with finely powdered aluminium silicates — as, for example, 
brick dust, — and at the same time freshly burnt wood charcoal 
in powder be added. The mixture becomes warm, and the 
warmer the thicker the layer. The addition of wood char- 
coal prevents the loss of ammonia by condensing the gas in 
its pores. On this account the addition of charcoal to artificial 
manures which contain blood meal is much to be recom- 
mended, since then no loss of nitrogen occurs. If blood meal 
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be mixed with dry earth, an increase in temperature and 
evolution of ammonia can be distinctly observed. If moist 
earth be used, the blood meal is quickly decomposed, an 
action which may be still more accelerated by adding alkaline 
substances, such as wood ashes. Accordingly it is advisable, 
before using dried blood as a fertiliser, to mix it with wood 
ashes and powdered charcoal, and to apply it to the ground in 
wet weather. The decomposition and action of the fertiliser 
then take place very rapidly. Blood manures are hence very 
valuable in agriculture, especially since the food they contain 
can be very quickly conveyed to the plant in soluble form. 
The author has made experiments on vines and kitchen 
vegetables, in which very good results have been obtained. 
For one vine 140 grms. (about five oz.) of dry blood meal, 
mixed with double the weight of wood ashes and charcoal, 
are sufficient. This mixture is to some extent mixed with 
the soil of the vineyard, and is also placed in the pit, where 
otherwise stable manure would be used. A great advantage 
of this system of manuring lies in the saving of labour, 
since one man can readily manure in a day several hundred 
vines. 

It should be remarked that the fertiliser, mixed with an 
equal weight of sieved wood ashes, may be kept or packed in 
well-closed vessels, e,g, in casks lined with tinfoil, and best in 
empty petroleum or oil barrels. It should be well stamped 
down, so that there are no interstices and the atmospheric 
air cannot act on the blood meal. The mixture must also 
be kept dry, so that there is no loss of ammonia. 

Preparation of Albumin from Ox Blood. — The blood 
caught fron the slaughtered animals is allowed to coagulate 
in dishes, when the albuminous liquid separates at the top 
and can be poured off. During this process the dishes are kept 
in a cool place, where the separation more readily occurs. 
The so-called " blood cakes," which are here formed, are 
brought on. a linen filter and gently squeezed, in order to 
obtain the remaining albumin which they contain. The 
residue is then cut into lumps and dried in drying-chambers 
on zinc plates. The blood-albumin is now treated according 
to the method described for drying the fluid blood, by 
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bringing it in very thin layers upon zinc plates with turned- 
up edges, and freeing it from water in a drying-chamber at a 
temperature which does not exceed 30-36° C. The zinc 
sheets are previously greased with a little olive oil, in order 
that the dry albumin may more easily be removed. To free 
the dried albumin as far as possible from other matters which 
adhere to it, distilled water is poured over it. After some 
time this is drawn ofif, when it contains the readily soluble 
phosphates. The residue is now mixed with warm distilled 
water and frequently stirred, when the blood-albumin dis- 
solves. The solution is filtered through flannel, which retains 
the impurities and the colouring matter of the blood. The 
filtered concentrated solution is again brought on the zinc 
sheets and dried in the drying-stove at 30-35° C. The 
principal application -of blood-albumin is in cotton-printing, 
in order to obtain fast colours. 

Edmund Campe, of Briinn, has related certain very note- 
worthy experiences of the practical manufacture of blood- 
albumin (Wittstein's Vierteljahrschr, /. prakt Pharm., 1872). 
In order to obtain a very pale blood-albumin, it is necessary 
to use the greatest care in catching the blood from the 
slaughtered cattle and sheep. Then it is necessary that the 
position, where the vessels for clearing the serum and the sieves 
are placed, should be very near to the slaughter-house. When 
possible, the serum should be drawn off in the slaughter- 
house itself, or the immediate neighbourhood, and the blood 
should be brought on to the sieve not longer than thirty to 
sixty minutes after it was caught. The freshly-curdled 
blood is cut into cubes of about one-inch edge, brought upon 
the sieve, and allowed to drain for forty to forty-eight hours. 
After the lapse of this time, the clear serum is drawn from 
the clearing vessels, with the precaution that none of the 
red colouring matter deposited at the bottom is carried 
away. In order to avoid this, Campe employs clearing 
vessels with somewhat concave bottoms, and has the orifice 
for the cork of the exit pipe about one-eighth of an inch 
above the bottom. 

Aiter all the clearing vessels are emptied, the whole 
of the serum is placed in a tub of soft wood, about three 
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to four cwt. in capacity. The tub, which is wider at the 
top than the bottom, has a wooden tap about two to three 
inches from the bottom. The further treatment of the serum 
varies, according as "natural" albutnin, ie, without shine, 
or " patent " albumin — which shines — is to be made. 

In order to obtain natural albumin, it is only necessary to 
add a quarter of a pound of (spirits of) turpentine to each cwt; 
of serum, and stir well for an hour. For this purpose Gampe 
uses a circular board, about one foot in diameter, perforated 
with holes, and fastened to a stick. The serum is then 
covered, and left twenty-four to thirty-six hours at rest. 
The turpentine separates at the surface, mixed with a greasy, 
greenish white fat. The clarified serum is now drawn off 
through the wooden tap near the bottom. The first runnings, 
which are always somewhat turbid, must be rejected ; the 
remainder of the serum is then taken to the drying-stove 
for evaporation. Campe evaporates in stamped iron trays, 
12 inches long, 6 inches wide, and f inch deep, which 
are painted with oil paint, varnished, and stoved. The tem- 
perature of the drying-stove, when the serum is poured into 
the trays, should be about 50° C; when the trays are full, 
the temperature may rise rapidly to 52-55° C, which 
may be maintained for two hours, without opening a ven- 
tilator. After this time all the ventilators are opened, and 
the temperature allowed to sink to 50° C, at which it is 
maintained until the end. Here and there the ventilators 
are opened, in order to replace the moist air by dry. In 
order to promote a rapid renewal of air, Campe employs air- 
holes in the masonry at the bottom. The exits are naturally 
at the top, and open above the roof. 

In order to produce from the serum the so-called 
" patent " albumin with a handsome glitter, Campe takes 
for each cwt. of serum, 6f drms. of oil of vitriol and 
6J oz. of strong acetic acid (sp. gr. 1*04), mixes the 
two, and, after standing for one hour, dilutes with about 
6 lb. of water, and then pours in a very thin stream 
into the serum, whilst constantly stirring. Next, ^ lb. 
of turpentine is added per cwt. of serum, and the mixture 
well stirred for sixty to ninety minutes. After the serum 
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has stood twenty-four to thirty-six hours at rest, it is drawn 
off as before, and ammonia added to weak alkaline reaction 
before placing in the drying-room, in order to remove every 
trace of free acid. The plates are rubbed with warm tallow, 
so that the finished albumin may easily be removed from them. 

By this treatment only a portion of the albumin is 
extracted from the blood for the preparation of the so- 
called primary albumin. Now comes the manufacture of 
secondary and tertiary albumin. The second variety is 
more an accidental manufacture, for which only the serum 
of those vessels can be used which for any reason has 
acquired a reddish colour. Campe also took for it the last 
pale red liquids obtained in drawing of the serum for 
primary albumin. The treatment for secondary albumin is 
the same as that given for primary. Tertiary albumin is 
the last product ; it is used in sugar refineries in considerable 
quantity. The cubes of blood which remain upon the sieves 
are brought into a vessel with a false bottom about eight 
to twelve inches up and bored with half-inch holes ; water is 
poured on in sufficient quantity ; also, all the residues from 
the primary albumin are added — i,e, the red deposit which 
formed in the settling vessels. The whole is well worked 
up with the hands. The liquid which collects below the 
perforated bottom is made slightly alkaline with a little am- 
monia, and brought into the drying-stove. This product also 
glistens, and is the so-called tertiary albumin. 

The blood, which remains behind in the double-bottomed 
vessel, is then passed (according to Campe) between two 
toothed rollers, working together, so that a uniform paste 
is obtained, which is dried at 60-75° C. in a stove, built 
with shelves. The sheet -iron drying -trays used in the 
stove are 2 feet long, 1 foot wide, and about 1^ inch deep. 
The use of this product is somewhat extensive. In order to 
utilise it better as a fertiliser, Campe moulds it, with solid 
human excrement and ground oak galls, into bricks, which 
are dried in the air, and finally ground on the manure mill. 
The product is known as blood-manure : it contains about 
six per cent, of nitrogen, and is particularly effective for 
grasses and leguminous plants. 
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Preparation of Fibrin and Butyric Acid. — The fibrin 
obtained in the form of threads by whipping ox blood is 
washed with distilled water until it appears quite white, and 
the blood corpuscles have been removed. It is then rapidly 
freed from water on linen cloths, as before described, and 
dried on hair-sieves at 120-150° C. 

If the moist fibrin be treated with pyrolusite and sulphuric 
acid, butyric acid is formed, which may be used in the manu- 
facture of butyric esters. 

Butyric acid is first prepared as follows: — 80 grms. of 
moist fibrin, 320 grms. of starch, 20 grms. of tartaric acid, 
and 5 kilos, of hot water are mixed together; then 1*5 kilo, 
of sour milk is stirred in, and the mixture left for forty-eight 
hours in a warm place at 32—36° C, until fermentation is 
noticed to commence. When the fermentation is well started, 
520-550 grms. of finely -powdered chalk are added, and the 
whole frequently stirred. After fourteen days the formation 
of calcium butyrate is almost ended ; a mass of crystals has 
formed. The process is finished when no more bubbles of 
gas are given off. The liquid is then filtered through cloth, 
and sufficient sodium carbonate added to convert the calcium 
butyrate into sodium butyrate and calcium carbonate. The 
latter is filtered off and the liquid evaporated. To the residue 
sulphuric acid is added, equivalent in quantity to the sodium 
carbonate ; the butyric acid is separated, and sodium sulphate 
remains in solution. The butyric acid is again neutralised 
with soda, and the butyrate decomposed by sulphuric acid 
in a glass retort, when colourless butyric acid distils over. 

In order to obtain butyric ester from the butyric acid, 
two parts of alcohol are mixed with two parts of butyric acid, 
and one part of strong sulphuric acid added. An oily layer 
separates upon the liquid; it is washed with water, shaken for 
some time with magnesia, filtered, and dehydrated by means 
of calcium chloride. It is finally distilled from a glass 
retort, when a water- white, very mobile liquid is obtained, 
of a penetrating odour similar to that of pineapples. The 
specific gravity of the ester is 0*913 ; it boils at 113° C. 

Butyric ester is principally used in making imitation rum. 
It is mixed with the proper quantity of rectified spirit, acetic 
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ester, vanilla essence, sugar ether, and water — in the last of 
which sugar-candy and caramel are dissolved, in order to give 
the rum the necessary colour. A very good formula is — for 
50 litres of rum, take 500 grms. of finest rum essence, 100 
grms. of butyric ester, 100 grms. of acetic ester, 50 grms. 
of sugar ether, 50 grms. of essence of vanilla, 150 grms. of 
essence of raisins, 30 litres of high strength spirit, and 30 
litres of water. In the water dissolve 1 kilo, of sugar-candy 
and 250 grms. of caramel; mix the whole well, and allow to 
settle for several weeks. 

Butyric ester is also much used in preparing fruit essences, 
e,g. of raisins, apricots, strawberries, etc., which are again 
mixed with spirit and other ethers in various proportions. 

Fat from Animal Offal. — The oldest method for obtaining 
fat from animal offal consists in heating in a boiler over an 
open fire. In employing this method, in order to avoid 
noxious odour, a simple expedient may be adopted, according 
to Terne {Chemiker-Zeitung, 1879, No. 11). In dealing with 
pans heated directly by fire, they must be covered by a sheet- 
iron lid in such a manner that, on the one hand, the workman 
is not prevented from stirring and skimming off fat, and, on 
the other, the pan may be tightly closed during the intervals. 
When the lid is brought into communication with the ashpit 
of the boiler-fire in a proper manner, the noxious vapours in 
passing through the fire will be partially decomposed, and 
partially so diluted with the fire gases that they reach the 
atmosphere through the chimney unremarked. If the offal 
is boiled, as is almost universal, by steam in wooden vessels, 
the noxious odours may be removed in a simple manner. 
The annexed sketch (Fig. 5) is self-explanatory. 

The conditions are different when flesh is boiled by means 
of high-pressure steam. According to Terne, the simplest 
and best method for removing the noxious gases and vapours 
is the following : — The mixture of gases from the closed 
boiling kettle is first subjected to the full heat of the boiler 
fire in a superheater, built of fireproof materials, placed in the 
boiler flue. From this superheater Terne takes the gases, 
when possible, along both sides of the boiler fire in a hollow 
space built of fireproof materials, one side of which forms a 
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wall of the fireplace, and the other side of which is in com- 
munication with the atmosphere through short pipes. The 
superheated gases enter this retort-like space, mix with the 
atmospheric air, and then the mixture enters the firebox of 
the boiler. The gases, in this highly heated condition and well 
mixed with the oxygen of the air, meet the fire and are burnt 
with absolute certainty. It is to be remarked, that the best 
apparatus may work without effect if the gases from the 
kettle are blown off suddenly under great pressure and with 
the cock full open. In boiling a kettle, the exit pipe must 



Fig. 5, — a a, Pade with perforated false bottoms and perforated 
pipes for direct Hteam ; 6 b, pipes conoeoting with a large pipe ; 
c, Gondcusing pipe carrying a current of water ; d, coDdensing 
tower with water-pipe ; c, ateam injector to create the draught. 

be left open until the boiling-point is reached. When boiling 
actually begins, the cock is closed and the kettle raised to 
the pressure at which it is intended to work. The kettle 
should be allowed to staud at this pressure for about an 
hour; then, whilst still admitting steam, the blow-off cock is 
cautiously and slightly opened. With careful management it 
is possible to keep almost the original pressure. 11' the gases 
are removed regularly and slowly, they may be destroyed 
without fail ; but if they suddenly rush with the full pressure 
of 2—3 atmospheres, with the cock full open, into the com- 
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bustion apparatus, a great part will naturally escape unbiimt 
iuto the air. 

Extraction of Glue from Ammal Waste. — According 
to Terne'a communication on the manufacture of glue (Singler's 
Jom-n., 1876, p. 25S), slaughter-house material may be 
arranged, according to the proportion of glue it contains, as 
follows: — (1) ox feet, (2) pigs' feet, (3) calves' and sheep's 
feet, (4) raw bones, (5) ox and pigs' heads. 



Fig. 6. — A, Sulphur burner ; B, stove exit pipe ; 6', collecting ttuik ; 
D, coke toweF, conaiating of twelve earthenware pipes, each 760 inm. 
(30 inches) long ; E, draught regulator ; F, water-tank ; O, steam 
pump for acid ; H, chimney to aulphuc burner. 

The material is to be freed as far as possible from blood, 
and this will be the easier the smaller the parts. For this 
reason the lai^er works have machinery for tearing up the 
fleshy portions, and breaking up the bones. The best bone- 
breaker, according to Teme, \n that of Baugh & Son, of 
Philadelphia {Ihngkr's Journ.. 1869, p. 186). When the 
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material has passed through tlie breaking machine, it is most 
advisable to free it from blood and dirt in a suitable washer. 
After removing the blood, Terne treats the material in suitable 
wooden vessels, which must be well covered, with a saturated 
solution of sulphurous acid. The duration of the action varies 



Fl«. 7. — -4, Ironpan,lined with lead in order that the bleaching 
process may be conducted in it. B, feed opening ; C, out- 
. let ; Z>, perforated bottom ; £, steam coil connected with 
the et«am-trap c ; F, steam pips ; G, drain cock, shut 
during boiling ; H, cock on drain pipe ; /, water outlet ; 
K^-Kj, run-off cooks for fat and oil ; L, pipe conveying the 
noiious gaaea to the boiler Gro ; M, safety valve ; JV, 
precBure gauge. 

greatly according to the nature of the material ; experience 
alone is the only guide by which it is possible to determine 
the amount of action proportioned to each kind of material 
and the season of the year. The results are twofold. The 
material produces a clear, almost colourless liquid, which, after 
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evaporation in vacuum pans, gives a glue in no way inferior, 
either in colour or shine, to the best hide glue. The fat of 
yellowish bones is perceptibly bleached, and has not the 
unpleasant smell otherwise exhibited by bone fat. 

For the production of the sulphurous acid, Terne has 
constructed a simple apparatus, which has been found practi- 
cally successful. Coke towers are erected in such positions 
that the outer wall is warmed by the heat of the boiler-house, 
and thus the whole is protected from frost (See Figs. 6 and 
7, pp. 42 and 43.) 

In consequence of the treatment with sulphurous acid 
the portions of hide, and especially the sinews, swell, the 
latter acquiring a silky lustre and becoming transparent as 
gelatine. The tissues which produce the glue are not only 
bleached, but also become much less compact. In consequence 
of this treatment it is possible both to shorten the time of the 
first boiling of fresh bones, and also to diminish the pressure. 

The washed and bleached raw material is now ready for 
boiling. The chief conditions for the production of good 
strong liquors are low pressure and the shortest possible 
duration of boiling. The boiler erected as shown in Fig. 7 
satisfies all the conditions required for a regular, gentle boiling, 
and afifords a certainty of obtaining a product almost free from 
fat. The pipe F, for direct steam, is only employed fw bring- 
ing the water rapidly to the boiling-point ; the coil E is 
sufficient to keep it boiling. 

The liquor, completely free from fat, must now be filtered, 
for which purpose Terne employs a bone-black filter filled to 
a height of about 1*22 metre (4 feet). The bone-black is 
covered with coarse sacking, and the whole filter is surrounded 
by a steam jacket. Probably a filter press, such as are made 
by Wegelin & Hiibner, of Halle, would be more suitable. 
From the filter the liquid is to be taken to the vacuum pans. 
The consistency of the size to be obtained in the vacuum pans 
varies greatly according to the purpose for which it is 
intended, and the temperature of the air ; it is impossible to 
lay down general rules. However, the size must be boiled 
down to such a consistency that the gelatinised green glues 
to be obtained must be capable of being cut, or that the glue 
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to be cast into plates must be readily and quickly removable 
from the moulds. Strong tinned sheet-iron plates are the 
most suitable for the moulds, but they have the disadvantage 
of readily warping. In order to avoid this, glass tables made 
for the purpose are employed ; they give the glue a very fine 
glitter, but the fragility of the glass plates is very objectionable. 

Every manufacturer has to give the greatest attention to 
the cooling of the glue ; when possible it should always be 
cooled at a temperature of 0—5° C. In order to be able to 
accomplish this, all the large works in America are provided 
with ice-houses and cooled working-rooms. For glue which 
is to be cut, Terne has found moulds of strong galvanised 
iron, about 3 mm. thick (^ in.), the most suitable. The 
moulds are about 254 mm. (10 in.) high, the upper opening 
is 305 X 356 mm. (12 x 14 in.), and the bottom 290 x 330 
mm. (115 X 13 in.). In order to economise ice, the glue in 
these moulds may, with great advantage, be cooled by running 
water round them. Moulds constructed of bad conductors of 
heat are absolutely to be rejected, since they tend to make 
the glue liable to decomposition. 

The plates of glue, cast or cut out of the moulds, are then 
dried on wire netting. For the sake of economy in netting, 
Terne hangs the plates, after they have attained a certain 
firmness, vertically from thick iron wires. 



CHAPTER VII 

MANUFACTUEED FUPXS 

Artificial Fuel. — In the year 1874, Ney, before the Aix- 
la-Chapelle Society of Engineers, confirmed the statement, 
originated in Belgium, that a mixture of 80 lb. of soil with 
20 lb. of small coal, moistened with a solution in water of 
1 lb. of soda or common salt, burnt well. This amount of coal, 
which by itself would only last fifteen minutes, now burnt for 
an hour. This slowness of burning is, however, all. It is 
explained by the formation of glasses from the soda and 
the earthy constituents of the soil, below the slag thus 
produced the fire burnt for a long time. Naturally, direct 
action of the soda on the fuel is not to be imagined. R. 
Hasenclever, on this occasion, called attention to the high 
proportion of combustible matters in certain soils. Thus 
street mud from Stolberg, near Aix, according to his researches, 
contained not less than 20-21 per cent, of combustible 
material; whilst dirt from the Romerstrasse, in Aix, only 
contained 6 per cent. The choice of the soil is therefore of 
importance. At Hasselt, in Belgium, where the discovery of 
the above artificial fuel was made, there are many cavities 
filled with turf-like soil. When such soils are not at hand, 
the mixture is therefore devoid of importance. The mixture, 
as was to be anticipated, has been found quite unsuitable for 
firing boilers. 

Manufactured Fuel. — Loiseau {Zeits. f. d. cheni. Grossgev), 
V. Post, 1877, 1) prepares a fuel, in lumps of the size of a 
hen's egg, from 95 per cent, of coal dust, 5 per cent, of clay, 
and a binding substance made from rye flour and slaked lime. 
The lumps are then soaked with paraffin residue dissolved 
in benzine, in order to protect them from the weather. The 
clay is dried on iron plates over a movable fire and ground, 
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then mixed with sieved coal dust by means of a special 
appliance, which measures off the necessary quantity of each 
constituent, and throws them into a receiver, where they are 
mixed with the binding medium, which drips over them. In 
a second large iron tank, the mass is kneaded between iron 
rollers, with intermoving teeth ; it then goes to the hopper of 
the press, the two rollers (29 inches in diameter) of which 
each are hollowed out into 870 large and 56 small moulds. 
When the moulds meet in the rotation of the rollers, the soft 
mass is pressed in, and falls in egg-shaped lumps upon a 
moving band of woven wire. The large lumps weigh 3 oz.; 
the smaller, about J oz. They are dried by traversing five 
times, on a moving woven wire belt, an oven at 250° C, 
and then fall on to another belt with wire sides which 
carries them through a bath composed of paraffin residues 
and benzine. The volatile benzine is then distilled off in the 
" evaporator," when the briquettes are ready for use. The 
apparatus turns out 150 tons of briquettes daily. The pro- 
duct is twenty shillings per ton cheaper than ordinary 
coal. 

Briquettes from Lignite. — At the lignite mine at 
Frielendorf, near Cassel, a new briquette works was erected in 
1876 (Preuss. Zeifs. f. Bergwesen, 1876), the arrangement of 
which was as follows : — The lignite was drawn up from the 
bottom of the open working in half-ton waggons in a winding 
shaft, by means of steam power, to the top, whence it could 
be transported on a covered tramway, either to the hoppers 
from which the boilers were fed, or to the hoppers of the 
rotatory sorting apparatus, and there emptied out. A short 
screw conveyer carries the lignite which is to be compressed 
to a sorting cylinder, which passes all the pieces above 7 
mm. partly through the large openings in the latter half of 
the sieve, and partly through the end of the cylinder, whence 
they fall upon a pair of rollers below. The material, which 
is here ground below a maximum size of 7 mm., together 
with the small which has fallen through the finer part of the 
sieve, passes into a horizonal screw conveyer, which now 
carries the fine coal to an elevator. The latter raises the coal 
through a height of 8 feet to a horizontal screw conveyer, 
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passing over the drying-ovens, which are thus furnished with 
the necessary quantity of moist ground lignite. After the 
material has passed through the interior of one of the four 
sections of the automatic oven, and has left the delivery 
apparatus, the now dry coal is taken by an elevator, cased 
with sheet-iron, to the level of the hoppers of the two 
presses, from which it falls spontaneously through a regulator, 
and finally leaves the presses in the form of briquettes. These 
now go in a wooden trough, through which the machine forces 
them in a compact string, into the store to be stacked, if 
they are not loaded for transport direct from the trough. 
The presses do not differ materially in construction from 
other coal presses which have recently been found satisfactory. 
Each consists essentially of a thirty horse-power horizontal 
engine, together with the stamp and the press head, which 
is rigidly connected with the bed-plate of the engine. The 
press head — a cast-iron cube — carries the orifice through 
which the lignite is supplied, and is traversed by a 
chamber 63 inches long, containing the press feeder, which 
consists of top, bottom, and two side wedges, between which 
the stamp moves and effects the compression of the niaterial. 
A wrought-iron plate resting upon the upper wedge, pressed 
by a screw at the front, and moving on a strong spindle, 
serves to close the top of the press chamber and to regulate 
the pressure or friction in the mould. The lignite already 
in the press chamber, which has been solidified, provides the 
resistance for the next following briquette. At both sides of 
the press block are hollow pieces, through which hot steam 
is sent to heat the block. The compressed lignite, as previ- 
ously remarked, from the press enters a wooden trough in 
front in a continuous stream, and is then pushed outside the 
building into waggons, or to the store. Without overloading 
the machine, the stream of briquettes may be from twenty 
to forty yards long. One great advantage of the Frielendorf 
apparatus, as opposed to the ordinary trough and plate 
machine, is that, within the former, there are no moving 
parts, which in the latter cause so many stoppages and 
repairs, and also give rise to the formation of much dust and 
danger of explosion. 
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Compressed Fuel from Lignite -Coke and Feat. — 

F. Mathey states that a compressed coal may also be made 
from lignite-coke and peat; yet these require a somewhat 
greater addition of saltpetre than charcoal. The latter, 
obtained from diflFerent works, contained 2-4*5 per cent, of 
potassium nitrate {Deutsche lyvdustrie-Zeitg,, 1876, p. 125; 
Dingier' s Journ.y 1878, p. 90). The Chemnitz works use as 
binding medium gum-arabic waste; Knorr, of Weissenfels, 
uses rye flour ; others, dextrine. Of gum-arabic, as much as 
4 per cent, is added; of dextrine and rye flour, 4-8 per cent. 
Instead of rye flour, gluten — a waste product of starch-works 
— would be better. 

Practical Experiences in Briquette-making. — At the 
Aix District Association of German Engineers, Hilt gave a 
paper concerning the local development of the briquette 
manufacture. (Wieck's Gwb.-Zeitg., 1878, No. 39; Zeits. 
/. d. chem. Grossgew. v. Post. III. 1, 1878.) In the first place, 
he maintained that this industry could only take root where 
small coal was to be obtained at one-quarter of the price of 
large coal. Coking is the best method to use with very 
bituminous small coal. For briquetting the small of non- 
caking coals, there may be used — (1) mineral binding agents, 
such as clay, loam, gypsum, cement, and lime ; the resulting 
coke naturally contains much ash and is not hard ; (2) car- 
bonaceous binding agents, such as glue, starch, tar, and coal- 
tar pitch. The briquettes obtained are impervious to weather, 
may be readily transported or stored without crumbling, and 
possess a heating e^ct similar to that of large coal. The 
first species of briquettes, made with mineral substances, is 
much used for domestic purposes, but is unsuitable for boiler 
firing. The second kind, made with organic substances, may 
also be used as boiler fuel, with a good draught and care in 
firing, without producing excessive smoke. The somewhat 
slow combustion of these briquettes may be counteracted by 
using a thicker layer of fuel, by breaking them up, and by 
more frequent raking of the fire. In making the briquettes, 
the coal and binding medium are mixed in the proper pro- 
portions in a suitable apparatus, provided with a mechanical 
stirrer, in which the mass is softened by hot air entering the 
4 
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apparatus or by heated steam. The briquettes are then 
moulded, under a high pressure, in closed moulds, or in an 
apparatus similar to the well-known brick press. 

Drying apparatus for briquettes has been made of many 
forms. Most of these considerably increase the cost of 
manufacture. The cheaper drying apparatus of A. Wilcke 
is here described {Dingier* s Journ,, 221, p. 523). Upon a 
solid foundation, 3*25 metres (12 J feet) square, in which are 
two flues for supplying and removing the heating gases, are 
built two walls containing flues, 1 metre (39 inches) thick 
and 1 metre apart. Between these two walls floors are built 
in, consisting each of two iron plates, which floors are closed 
at the short ends by plates, so that the fire gases introduced 
by the flues into the closed boxes must heat the plates. 
Thus, when the flues are connected to a fire, they bring the 
gases to the second floor, which they pass through, then 
through the third, and so on, until they are drawn oflf to the 
chimney and reach the atmosphere. If eight such floors, each 
3 metres long, are placed one above the other, the fire gases 
will have an opportunity of giving up their heat to the 24 
metres length of iron plates which they touch, to such an extent 
as is allowable in view of the necessity of producing a suffi- 
cient draught in the chimney. The gable-ends of the iron 
floors are protected from cooling in a suitable manner. The 
separate floors are so arranged as to project in turn, so that 
the projecting part catches the coal falling down from the 
floor above. Similarly, in order to shut off the open space 
between the separate floors from the outside, movable flaps 
are provided. The upper plate of each floor is surrounded on 
three sides by a ridge ; on the open side the coal is brought 
down to the next floor. Thus, as was said above, the coal 
goes from floor 1 to floor 2 ; the narrow edge of floor 2, pro- 
tected by the ridge, projects 250 mm. (10 inches) beyond 
floor 1. If now some arrangement be provided by which 
the coal, which reaches floor 1 from a hopper, is moved over 
the plate of floor 1 to that of floor 2, and so on, and if this 
motion be so regulated that the coal is heated to about 60° C. 
when it arrives at the delivery-shoot, coal quite suitable for 
briquetting will be obtained. 
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The movement of the coal over the plates is accomplished 
by means of a lattice provided with scrapers, and moved by- 
mechanical power. Two _L-shaped rails are connected by two 
crossbands and two transverse rails ; this grating is provided 
on the flat under-surface with flat scrapers 100 mm. (4 inches) 
apart, and is coupled to cranks on the shafting. When the 
shaft rotates, the grating is moved backwards and forwards 
over the plates. This motion to and fro would, however, not 
move the coal lying on the plates, which can only be done if 
the grating, in moving back, is raised over the coal without 
touching it. Projecting pieces are arranged on the shaft, 
which act so as to raise the grating in the reverse movement. 
This rise is naturally at first gradual, so that the scrapers 
level the ridges into which the coal was brought in the forward 
movement. Thus the coal is stirred, which is a necessary 
condition for the uniform drying of coal intended for briquettes. 
The grating is supported by a foot running on a small wheel, 
so that it may keep at the greatest height until the end of 
the reverse stroke ; when the reverse stroke is finished the 
grating falls, and then again moves the coal forward. 

The rails run upon rollers, in order to prevent the scrapers 
from grinding on the plates during the forward movement, 
and stays are used in the floors to prevent the plates from 
buckling. The grating also runs upon three wheels in the 
middle. 

If now coal is continuously brought upon floor 1 from 
the hopper, when the grating is put in motion the coal is 
regularly moved forward. As soon as the grating commences 
the retrograde motion a valve closes the hopper, and feeding 
ceases until this motion is finished. If this were not doi^ie, 
too much coal would be piled up in the hopper, and some 
would be thrown over the edge. The coal is gradually carried 
over floor 1, then falls to floor 2, and so on, until it finally 
reaches the press, whither it is carried by elevators or con- 
veyers. During the passage of the coal it is uninterruptedly 
exposed to the heat radiated by the plates, which is prevented 
from escaping too rapidly by the flaps before mentioned. The 
fresh coal is subjected to the greatest heat, since the fire gases 
are conducted into the apparatus from above. 
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Clayton has constructed a machine for compressing small 
coal into briquettes (Bingler's Jmim,, 203, p. 271). A 
horizontal plate carrying moulds of the required size is 
placed between two cast-iron columns. Upon the plates 
moves the filling-box, to which the material, prepared in the 
proper manner, is conveyed from the mixing-drum. The 
filling box obtains its movement to and fro by means of a 
bent lever from the cross-head. The briquettes are compressed 
from two opposite sides. The lower pistons are driven by 
cogs on the wrought-iron shaft supported by the framework. 
The upper pistons of the press are actuated from the shaft 
by cranks and strong connecting rods, suspended from the 
crosshead which moves in the framework. In order to avoid 
excessive pressure on the mechanism, the upper pistons are 
provided with strong springs. 

When the moulds are filled with coal, the upper and 
lower pistons at once move and compress it to a solid brick. 
The upper pistons then rise, and are followed by the lower 
pistons, the finished briquette being thus raised out of the 
mould to the level of the plate. The filling-box in its return 
with fresh material removes the briquette. The reversal of 
the lower pistons, which also effects the lubrication of the 
moulds in a well-known manner, is brought about by cog- 
wheels on the shaft. 

A two horse-power steam-engine is sufficient to drive a 
press which can produce per day about 10,000 briquettes, 
each weighing 5 lb. The space required is very small; a 
ground space 5 feet long by 4 feet wide, with a clear height 
of 6 feet, is sufiBcient. 

Finally, E. F. Loiseau has constructed a machine for 
converting anthracite dust into an artificial fuel (Journ. 
Franklin Institute, 1873, p. 266; J)ingler*s Journ., 210, 
p. 437). The coal dust is moistened on a platform and then 
scraped into the hopper of a stationary cylinder, in which a 
shaft rotates. On the shaft are six radial plates which 
divide the interior of the cylinder into six equal spaces. The 
coal dust fills these spaces, and the rotation of the plates 
drives it into an opening beneath, through which it leaves. 
A smaller hopper, placed close against the first, receives clay 
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previously dried and ground. This passes through a smaller 
cylinder, also provided with rotating partitions, and is then 
emptied into the same channel as the coal dust, with which 
it mixes. 

The space between the partitions of the clay cylinder is 
calculated regularly to take and deliver 5 parts of clay, whilst 
the larger cylinder delivers 95 parts. The mixture of coal 
and clay is sprinkled with milk of lime whilst it is falling 
below a chain elevator, which now raises the moist mixture to 
the hopper of a conveyer. The Archimedean screw rotating in 
the latter drives the material into a mixing apparatus, where 
it is rapidly transformed to a plastic mass by means of seven 
vertical shafts, to each of which four toothed arms are 
screwed. These arms cross one another in all directions, and 
intimately mix the coal and clay together. Through suitable 
openings at the bottom of the mixer, the plastic mass falls 
along a shoot into the kneading machine, in which, by a 
series of knives attached to the central shaft and a propeller, 
it is forced through an opening at the bottom between two 
rollers, in the periphery of which are series of oval moulds. 
These rollers, moving in opposite directions, take the material 
presented to them in the form of a coherent band, and mould 
it into oval lumps. An endless wire band carries the lumps 
away and delivers them into a hopper placed above the dry- 
ing-flue. 

The drying-flue is heated from a fireplace at each end. 
It contains five endless wire belts, one above the other, which 
move in opposite directions over rollers placed at the ends of 
the stove, and which have an arrangement for preventing the 
lumps from falling down. The compressed lumps of coal fall 
upon the topmost wire belt, are carried by it through the 
whole length of the stove, and then slide along a shoot which 
carries them on to the second endless belt beneath. This belt 
carries them in the opposite direction through the whole 
length of the flue to a second shoot, from which they pass 
down to the third belt, upon which they are carried forward, 
and so on. The last wire belt carries the coal out of the 
stove and empties it into the buckets of an elevator, by which 
it is raised and then delivered to another endless band, which 
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passes through an open tank, fed continuously from a neigh- 
bouring larger tank, by which the smaller tank is kept filled 
with the waterproofing composition. The endless band is pro- 
vided with small partitions, which prevent the oval lumps from 
suddenly falling down into the composition. The continuous 
immersion of the coal in the waterproofing mixture is brought 
about by small balls at each side of the belt, which run in 
narrow grooves on the walls of the tank. On leaving the 
tank the excess of liquid drips from the lumps of coal through 
the wire belt into a gutter beneath, from which it flows away 
by a pipe to a convenient tank. 

The waterproofing composition employed by Loiseau is a 
solution of colophony or some other resin in benzine. In 
order rapidly to evaporate this benzine, the lumps of coal 
coming from the bath are emptied into the hopper of a stove 
of smaller dimensions than the drying-flue, in which only 
three endless belts are placed one above another. In this flue 
a strong current of air, driven by a fan, rapidly evaporates 
the benzine, whilst the coal goes from one belt to another. 
From the last belt it falls through a shoot into the coal truck 
outside. The end of the shoot may be raised so that a filled 
truck may be taken away and an empty one brought in its 
place. 

During the passage of the material through the flue the 
hot air acts on all the lumps and rapidly dries them. The 
whole process of manufacture, from the passage of the coal 
dust into the first hopper, proceeds automatically : coal dust 
and clay are mixed in the proper proportions with milk of 
lime, this mixture is kneaded, compressed into oval lumps, 
which are dried and waterproofed, the benzine is evaporated, 
and the finished product delivered to the trucks, all mechani- 
cally. During the whole process the coal is continuously in 
motion. 



CHAPTER VIII 

WASTE PAPER AND BOOKBIffDEES' WASTE 

Utilisation of Waste Paper. — The waste paper (Papier- 
zeitung, 1886; Neiceste Erfindungen und Erfahrungen, 1886) 
is thrown into a conical drum, about 10 feet long and 3 feet 
in medium diameter, covered by wire netting of three-quarter 
inch mesh ; in passing through this drum the greater portion 
of the adherent dust is lost. Bones, pieces of wood, and other 
large hard objects, which announce their presence by striking 
the drum, can be removed by the workman who takes away the 
waste paper which has gone through the drum. On account 
of the dust, this sieve works in a casing lined with boards ; 
it may be fed through the open narrower end or through a 
hopper ; thirteen to twenty revolutions per minute are sufficient. 
The paper is next ground under edge-runners, and is then passed 
through a second sieving drum, somewhat smaller and covered 
with a No. 5 or 6 sieve. This drum is closed at the wider 
end (the exit) by a wooden bottom, which has two openings 
closed by slides. By this means the ground paper waste 
may be kept in the drum until all the particles of paper 
have passed through the sieve. 

The residue, containing rags, thread, etc., which may be 
sorted and worked up, comes out when the slides are opened. 
This sieve, like the first, works in a wooden casing, one side 
of which is open, so that the sieved paper particles may 
be removed. It is driven at the side by bevel cog-wheels, 
so that it may be easily emptied ; the speed is forty to fifty 
revolutions per minute. There is no loss of fibres in this 
method of purification. 

Utilisation of Bookbinders' Befiise. — The waste pro- 
duced in bookbinding may well be used to prepare papier- 
mach^ for bas-reliefs, dishes, urns, picture frames, clock cases, 
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etc. For this purpose all kinds of paper cuttings and waste 
cardboard may be employed. A second constituent is well- 
sieved wood ashes, especially those of hard wood ; finally a 
third constituent is flour paste. The papier-mache is pre- 
pared from these substances in the following manner : — The 
paper clippings and other bookbinders' waste are torn up 
small, thrown into a vessel filled with water, and left to 
dissolve. Frequent stirring accelerates solution. The dis- 
solved mass of paper is finally removed from the vessel, 
the water is lightly squeezed out, and the mass then comes 
into a mortar, where it is well pounded. Next it is taken 
out, laid on a strong linen cloth, and the water squeezed out 
as completely as possible. The balls of material obtained 
are then dried in the sun, near a fire, or in a stove. When 
dry, the balls are rubbed on a grater, when the particles of 
paper become similar in feel to cotton. They are then mixed 
on a board by means of a wooden spatula with ordinary flour 
paste and spread out with the rolling-pin, just as dough is 
worked. 

This mixture with flour paste, which must amount to 
one-third of the whole quantity of material to be made, is 
formed into a ring on a board or table. Two parts of fine 
sieved wood ashes (best from hard wood) are placed in the 
middle, water is gradually added and mixed in until the ashes 
are thoroughly moistened. Finally the paper pulp is worked 
up with the wet ashes. 

The mixture of the three constituents is now brought 
into the mortar and well pounded; it then forms papier- 
mach^, and can at once be used. If the mass is to be kept 
moist for a length of time, it is filled into glazed earthenware 
vessels, which are placed in pairs, one upon the other, and 
protected from sun and heat. 

From this papier-mach^ bas-reliefs can easily be made, 
the mass being used in place of the wax which otherwise 
is employed in embossing. For this -purpose a portion is 
taken out of the earthenware vessel, in which it is preserved, 
spread out flat to the requisite dimensions for the bas-relief, 
one side of the sheet so obtained is covered with flour paste, 
and the mass then pressed upon a smooth surface — slate. 
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polished wood, metal, or smooth pasteboard. Then a linen 
cloth folded in two is laid on the mass and superfluous 
moisture removed by repeated applications of the cloth. 

After this treatment the design of the low or high relief 
can very easily be engraved on the mass by the embossing 
style; hollows can be dug out, aild projections formed by 
adding fresh material where required. 

This mixture has certain advantages over embossing wax. 
In the first place the style works much more easily in the 
soft paste, since the mass may be depressed, moved to all 
sides, raised, and moulded as desired. Should some spot 
begin to dry somewhat too soon, it is brushed over with 
a brush dipped in water, when the mass may be worked 
as before. 

If the work is quite dry before it is finished, it may be 
moistened over a portion, or the whole, of the surface and 
further worked with the style. 

After the finished relief is quite dry it is pasted over 
with thin flour paste by means of a camel's-hair brush, 
and then again allowed to dry, when the whole object is 
polished with a bone polishing style. The object is now 
in a condition in which impressions of it in wax may be 
taken. It is then coated with thin size, again dried and 
polished as before. This last treatment of the surface permits 
of the application of oils or water paints, and of gold leaf 
simply by breathing on the surface or by using oil varnish. 
After painting or gilding the object it is usual to give it 
several coats of spirit varnish. After the latter is dry, 
neither heat nor cold, moisture, dust, or fly-spots can harm 
the work, for the varnished surface entirely protects the 
surface beneath from injury. Dust is removed with a soft 
brush and fly-spots by a damp cloth. 

Utilisation of used Paper Cases. — By paper cases in 
this instance are understood the small conical hollow cylinders 
of hard paper, similar in shape to cigar holders, which are 
used in the textile industries as yarn spools by weavers and 
stocking-knitters, and which are made in hundreds of sizes 
for various purposes and in different forms. 

E. Hofel, of Gruna in Saxony, has patented a process for 
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utilising the large quantities of these paper cases in prepar- 
ing articles of utility and ornament — umbrella and walking- 
sticks, fire-screens, baskets, card-tables, toy furniture, picture 
frames, etc. The cylindrical, or rather conical, form of the 
cases makes their utilisation easy. Just as the spindles on 
the spinning-frame must be exactly alike, so also the paper 
cases originally intended and solely used for the spindles 
are also exactly similar. One fits over another ; the pointed 
cases may be pushed easily one into the other, and so form 
a rod already firm and of any required length. 

After a number of the cases have been pushed one into 
the other, and a rod of the desired length obtained, a wooden 
stick or a wire of sufficient strength is drawn through the 
tube, in order to give it more solidity and afford a means 
of attaching the ferrule and handle. The ferrule and handle 
are screwed on the core at the bottom and top, and confine 
the bottom and top cases. The stick may then be painted 
and varnished. A pen-case is simply made from a large 
paper case, which is altered to fit its purpose by fitting a 
stamped metal bottom and a similar lid, and then ornamented 
by paint and varnish. In making containing vessels out of 
the cases, the so-called "ring-ousel" cases are laid near 
together and united at top and bottom by a ring of wire. 
They can then be ornamented in any required colour and 
a decorated top and bottom, preferably of sheet-iron, applied. 



CHAPTER IX 

lEON SLAGS 

Slag Wool. — In 1875 a loose substance similar to the 
finest natural cotton was brought into the market by several 
ironworks — by K. Marien, of Zwickau, and G. Marien, of 
Osnabruck The substance differed from cotton in having 
straight (not curled) fibres, in being shining and somewhat 
less soft to the touch. The new product was produced by 
sending steam into a jet of fluid slag. 

Slag wool has hitherto been produced only from blast- 
furnace slag. According to Schliephake {Polyt Joum,\ it is 
best made by blowing with a current of steam, whilst the 
slag is conveniently drawn off from the furnace through the 
Lurmaun slag-mould. It is a considerable drawback to the 
operation that the many fine fibres floating in the air seriously 
injure the workmen. 

Slag wool is utilised in accordance with its properties, of 
which the most important is its very low conductivity for 
heat. In covering steam-pipes, the slag wool is laid on the 
pipes in pieces of about 1000 sq. cm. (160 sq. in.) with a 
firm pressure from the hand, without beating. A thickness of 
8 cm. (3-4 in.) suflBces for most pipes. The slag wool, com- 
pressed to this extent, is bound round with twine or wire, so 
that it adheres to the protected pipe. After one or two 
yards of a steam-pipe have been covered in this manner, the 
whole is sewn up in coarse sacking, which may then be 
coated with tar, to prevent the penetration of water; wet 
slag wool is a better conductor than dry, which is also the case 
with other bad conductors. For one square metre of surface 
protected in this manner, about four kilos, of slag wool are 
required (9 lb. per sq. yd.). A steam-pipe or cylinder so 
covered is hardly perceptibly warm on the outer surface. 
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From another practical source it has been stated that the 
covering of sacking is little used, since it is soon destroyed by 
the action of light and heat, even when tarred. 

It is recommended, in covering pipes with slag wool, to 
make use of a cylinder of sheet-iron, the diameter of which is 
150 mm. (6 in.) more than the external diameter of the 
pipe. The sheet-iron cylinder is 300—400 mm. long (1-1 J 
ft.), and is divided lengthways into two halves, which are 
bound together by splints, or similar means. Each half has 
a handle in the middle. This sheet-iron cylinder is placed 
round the pipe in such a position that one end- is closed by 
a flange ; the slag wool is then forced into the space between 
pipe and cylinder, which is about 75 mm. (3 in.) wide. 
When the interspace is filled, during which operation too 
hard stamping is avoided, the sheet-iron cylinder is moved 
forward with a gentle to-and-fro rotatory motion by means 
of the handles, and the covering of slag wool wrapped with 
wire as it becomes exposed. The forward movement of the 
cylinder and the wrapping with wire must keep pace. The 
whole surface of the slag wool is then moistened with tar, 
and then covered with a coating of cement about 5 mm. 
(0*2 in.) thick. About 10-12 kilos, of slag wool are 
required to cover a surface of one square metre to a thick- 
ness of 75 mm. 

The fireproof nature of slag wool, combined with its low 
conductivity for heat, makes it a very suitable substance for 
the lining of fireproof safes. Wolpert, of Kaiserslautern, 
has first drawn attention to its use as a filling material 
for floors and wainscotting in buildings. "Slag wool," he 
says, " generally, at present, contains calcium sulphide, which 
is decomposed into calcium carbonate and sulphuretted 
hydrogen by the action of the carbonic acid in the air and 
the water which obtains admittance in washing the wainscot. 
Sulphuretted hydrogen is known (when breathed in quantity) 
to be a poisonous gas; accordingly slag wool for such pur- 
poses must be examined for calcium sulphide. If vinegar be 
poured on slag wool moistened with water, the well-known 
smell of sulphuretted hydrogen — that of rotten eggs — is 
perceived, if the wool really contains calcium sulphide. 
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But these opinions against the use of slag wool as a 
filling for floors, etc., go too far, according to Wolpert 
himself {Polyt. Zeits.) ; the normal quantities of water and 
carbonic acid in the air can barely produce a perceptible 
evolution of sulphuretted hydrogen. Apart from its very 
bad conducting powers, the layer of slag wool has also great 
permanence, can withstand a considerable temperature, and 
is not liable to decay through the action of moisture or 
gases. 

Slag Stones. Slag Bricks. — The production of slag 
stones dates from 1860. At Osnabruck, at that period, the 
fluid slags were allowed to fall, like molten lead in the shot- 
towers, from a height of about eight feet into water, where it 
formed large bean-shaped lumps, which were used, instead of 
road-metal, as ballast on railways. The same thing had been 
done for a long time in England, where the slag was broken 
with a Blake's stone-crusher, and used for macadam. In 
particular, the slags obtained in the Bessemer process, when 
the pig-iron was made from spathic ironstone, are said to be 
suitable for producing artificial paving-stones, in consequence 
of the lime they contain. 

More recently the best method for this utilisation of blast- 
furnace slags has been attained by granulating. C. Paschen 
has published a communication on this subject in the Notiz- 
hlatte des Vereinesfur Fahrikation von Ziegeln, 

The product, the so-called slag gravel, can not only be 
used with the best success as the embedding material for 
railway sleepers, but it produces, when mixed with lime in 
the proper manner, the material for an excellent slag building 
stone and slag mortar. 

The preparation of slag gravel by granulation simply 
consists in allowing the fluid slag to flow into water, where, 
by the sudden cooling, purified slags harden to a pumice- 
like gravel and less purified slags to coarse grains. 

Slag stone is in no way inferior to good brick, which it 
surpasses in fineness of colour and porosity. At first friable, 
it rapidly hardens in the air. This hardening continues for a 
long time, even after the stone is used, and since the mortar 
is also mixed with slag gravel, the stones are completely 
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bound, so that after several years a wall consists no longer of 
separate stones, but of one uniform mass. 

At the ironworks of Buderus at Lollar, near Giessen, 
building stone is made from blast-furnace slag in the follow- 
ing manner (Eeport by the engineer Alberte, Gewerbebl. f. 
Hessen, 1893): — A portion of the hot fluid slag from the 
blast furnaces is cast in large round iron vessels standing on 
trucks. These go to the portion of the works where the 
compressed stone is made and after cooling are emptied. 
The blocks of slag gradually fall on contact with air to a fine 
bluish grey meal — slag meal. The greater part of the hot fluid 
slag, however, runs into a channel, in which is cold water in 
rapid motion. The slag is thus granulated ; the sand produced 
is mechanically scooped out, brought into the waggons of a 
wire-rope tramway, which take it to the working place, where 
they are automatically emptied. Foundry slags have been 
found to be the best, for they produce the lightest stone. In 
producing the compressed stone, the slag sand is mixed with 
the above-mentioned slag meal and milk of lime in the 
following manner : — A mixture of 2 parts of sand and 1 part 
of meal is moistened with milk of lime, the moist mass is 
shovelled into presses and moulded into stones. The auto- 
matic steam lever presses of Bernhardi's Son, G. F. Draenert 
of Eilenburg, have been found to work especially well. 

The stones are made in two sizes, — the small size 
25 by 12 by 6-5 cm. (10 by 5 by 2-6 in.), and the large 
size 25 by 12 by 10 cm. (10 by 5 by 4 in.). They have 
a bluish-grey colour, and are fairly porous. The two hori- 
zontal faces are somewhat hollowed out, in order to diminish 
the weight of the stone and to. admit a larger quantity of 
mortar with apparently narrow joints. The weight of one 
stone is, air-dried, about 3-3 kilos, (about 7*4 lb.). They are 
destroyed by a load of 70 kilos, per sq. cm. (1000 lb. per 
sq. in.). They take up a large quantity of water, and have 
not a great resistance to the action of fire — a red heat. The 
stones are not burnt, but only dried in the air. 

The slag sand by itself is a very useful addition to 
mortar. A useful rough plaster is obtained from a mixture 
of 3 parts of slag sand, 2 parts of slag meal, and 2 parts 
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of clay, whilst for fine plaster a mixture of 1 part of slag 
meal, 2 parts of white lime, 4 parts of river sand, quarried 
sand or slag sand, is recommended. The sand for this 
purpose must be finely sieved. 

F. Kirrmeier, of Speyer-on-Ehine, prepares moulded stones 
from blast-furnace slag (German patent, 1895). The slag is 
cast in long sticks notched at suitable intervals, so that 
when the separate blocks are broken off, stones with granular 
crystalline ends may be obtained. The moulds used in this 
process are made up of separate walls with an open side, 
through which the slag can enter. On the under surface of 
the cover, on the bottom and on the sides, are triangular 
ribs, which facilitate the separation of the long blocks into 
separate stones after cooling. 

The slag brick owes its present position to improvements 
in brick presses and to the use of dry disintegrated lime, 
which is added to the slag sand (containing as much as 40 
per cent, of water) as required. Although the granulated 
slags, on account of the soluble silicic acid they contain, 
would harden if pressed or stamped alone, yet they do so 
more rapidly if lime be added. The stone hardens through 
the formation of calcium carbonate, as does ordinary mortar, 
and especially through the formation of solid compounds 
between the soluble silica, the slag, and the added lime. 

Slag bricks are made in the following manner : — The hot 
fluid slag is conducted into a suitable cast-iron channel, 
through which a suflBcient stream of cold water is flowing. 
The slag is chilled and falls partially into sharp sand, 
partially into very brittle lumps, the latter readily broken 
by a slight pressure. The slag sand passes into catch boxes, 
from which it is taken by baskets with perforated sides 
and conveyed to the brick-moulding works. It is mixed 
with the milk of lime as follows : — The slag sand is 
shovelled into the stirring machine, whilst the proper 
quantity of milk of lime at 8-10*" B. is run in. The mix- 
ture is then moulded in the brick press. The slag sand, 
mixed with lime, passes into a holder from which the 
necessary quantity is taken by two pistons into the press. 
The bricks are ejected from the press, taken by labourers. 
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and placed in a tram waggon. They dry in eight days. 
Dark slags have not been found as suitable as pale slags 
for the production of bricks. 

The slag sand is removed from the water basin after granu- 
lation by means of a strong scoop-wheel, which is constructed 
as follows : — The scoops are fastened by screws between two 
large cast-iron rings, which are hung on two friction rollers 
with a common axis. The latter is driven by gearing from a 
small steam-engine built on to one of the four cast-iron 
pillars. The external periphery of the friction rollers works 
on the inner periphery of the rings and turns the scoop- 
wheel, which is prevented from oscillating by two guide 
rollers at the side. The internal diameter of the rings is 
such that a line of rails goes through the scoop-wheel, so 
that a waggon may be pushed in from one side and out at 
the other when full. The two cast-iron rings, together with 
the twenty-four scoops, weigh about 90 cwt. The weight of 
slag to be lifted on at once is about 6 cwt. at most. The 
apparatus makes a revolution in about five minutes with the 
engine running at eighty revolutions per minute, so that the 
arrangement can load 72 cwt. of slag per hour. The rings, 
and also the columns which support them, are cast at the 
furnace, and need no further working. The feet of the 
columns are so wide as to offer a sufl&cient surface for the 
foundation, and are therefore built on the masonry of the 
water basin. The spindles of the steel driving shaft, 
upon which hangs the whole weight of the scoop, run in 
ball bearings, which are carried by a wedge in a fork and 
are adjustable. The fork hangs between the XJ-pieces 
which rest on the columns and form the framework of the 
machine. 

Blast-Furnace Slags as Paving-Stone. — It has been 
found that blast-furnace slags make a good paving-stone. The 
Altona paving-stone, made from iron slags, consists of powdered 
slag, mixed with clay or loam as a binding agent, compressed 
and burnt to vitrification. 

The paving-stones are laid in a bed of sand only 8 cm. 
deep (3 "2 inches), stamped down with an ordinary wooden 
rammer, and the joints then filled with sand and water. The 
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method of laying may thus be called easy and rapid. These 
stones do not wear hollow like -sandstone, or smooth like 
granite slabs; they can readily be taken up and laid aside 
without sufifering any injury, which is important when 
excavations are made for gas and water pipes. 

The price of these slag stones varies, according to the 
state of the market, between 225 and 280 marks per 1000. 
To this is to be added the cost of discharging, loading, and 
transporting to the destination, which may be taken at 
15 marks per 1000. 

Olass from Blast-Fumace Slags. — According to a patent 
of Basley Britton, at the ironworks of Chesland & Fisher at 
Wellingborough, the fluid blast-furnace slags direct from the 
furnace are worked up into glass, they are conducted into a tank 
holding three-quarters of a ton, and there mixed with other 
suitable materials. The glass is said to be quite transparent, 
and extremely soft or plastic ; it resists acids, is readily cut by 
the diamond, and is quite suitable for rough sheets for roofs, 
skylights, etc. It is cheaply obtained, since the heat con- 
tained in the slags is also utilised in the process. 

Salts from Blast-Fumace Slags. — According to a French 
patent (Post, Zeits, /. d. chem. Grossgew.), aluminium sulphate, 
gelatinous silica, and calcium chloride can be obtained from 
blast-furnace slag. The slag, in fine powder, is treated with 
hydrochloric acid in an acid-proof apparatus, the acid vapours 
evolved being condensed in a sandstone receiver filled with 
water. The acid solution, containing dissolved silica, alu- 
minium and calcium chlorides, is drawn off, diluted with 
water, the silica allowed to settle, the liquid decanted ofiF, the 
alumina carefully precipitated by pure calcium carbonate, the 
precipitate washed, dried, and converted into aluminium sul- 
phate by boiling sulphuric acid. The gelatinous precipitate of 
silica is purified by washing, and the calcium chloride solution, 
remaining after precipitation of the alumina, is evaporated. 



CHAPTER X 

EXCKEMENT 

Utilisation. — Although there is no want of proposals for 
the rational utilisation of excrement, yet hardly any process 
has succeeded in surviving. Thus Leube's process — the appli- 
cation of sulphuric acid — failed, and Petri's manufacture of 
faecal stone could obtain no practical hold. The chief aim, 
after the suitable removal of the faeces, is to utilise them as 
manure. The preparation of an illuminating gas from excre- 
ment is described in the chapter on " Illuminating Gas from 
Waste." In regard to other proposed methods, with the 
exception of the manurial, we give the opinion of Fischer 
{Dingier* 8 polyL Joum,, 213, p. 259): — "As a matter of fact, 
the application of human excrement as a fuel — Petri's faecal 
stone — ^is the worst imaginable, since its most valuable con- 
stituents, nitrogen compounds, are lost. For large towns 
there is no other course than a well-arranged system of 
sewers and flushing." 

Scott has patented the following process for treating 
sewage: — The sewage, collected in a tank, is mixed with 
excess of caustic lime, the clear supernatant liquid is drawn 
off from the precipitate, and, in a second tank, an iron or 
aluminium salt added, which salt is converted into the 
hydrate by the lime present in the clarified water. The 
precipitate in the first tank, which contains the organic and 
inorganic matters suspended in the sewage, and to some 
extent also substances previously in solution, may be con- 
verted into cement or filter coke. The precipitate in the 
second tank, after calcination, gives metallic oxides which 
may be utilised. The water from the second tank is sufiB- 
ciently pure to be passed into a large stream, and may, if 
it has previously been filtered through the coke obtained 
from the first tank, even be run without danger into a small 
stream. 

6« 



CHAPTER XI 

COLOURING MATTERS FROM WASTE 

Utilisation of the Waste from Dye-wood Extracts. — 
Croissant and Bretonifere, of Lavalle, gave a detailed account 
of their work in 1875 {Bull, Soc. Ind. Mulhouse ; Dingier* s 
Journ.y 215, p. 363). In the first place, this concerns the 
solid dye-wood extracts, each of which contains its own 
peculiar tannin. Now gallic acid, a product of the decom- 
position of tannic acid, on heating to about 250° C, gives 
metagallic acid. The chemists named have therefore treated 
logwood extract by the same reaction, when they obtained an 
evolution of carbon dioxide and a black voluminous su))- 
stance, insoluble in water, but readily soluble in alkalis, and 
precipitated from these solutions by acids in the form of 
brown flocks. With different metallic salt solutions it gave 
differently coloured precipitates. This decomposition of log- 
wood extract, also accompanied by the evolution of carbonic 
acid gas, takes place at 200'' C. in the presence of caustic 
alkalis. In this case there is obtained the soluble alkali salt 
of an acid analogous to metagallic acid, which is precipitated 
from its solutions on the addition of other acids or of metallic 
salts. The important point is that the alkaline solution of 
this compound has a very strong direct dyeing power for 
vegetable fibres. If the natural colouring matters be left, 
and the same process applied to other organic substances, 
there is known to result by the action of alkalis a salt of oxalic 
acid, e.g. from sawdust. The process, however, takes quite a 
different course if sulphur be at the same time introduced 
into the compounds. Either the sulphur enters into direct 
combination with the substance without the elimination of 
any element, as in the case of the aloe, or, as more frequently 
happens, the sulphur unites with a portion of the hydrogen of 
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the organic substance to form sulphuretted hydrogen, which 
is volatilised, the organic substance thus losing part of its 
hydrogen. In both cases, however, and from almost all 
organic materials, there are produced in this manner new 
substances, which are substantive dye-stuffs for animal and 
vegetable fibres, and produce intense and fast shades without 
the assistance of a mordant. 

The discoverers have heated a series of the most diverse 
organic substances in closed vessels with sodium mono- and 
poly-sulphide, and in every case find confirmed the correctness 
and general applicability of their discovery. 

The colouring matters are readily and certainly produced 
in the form of a swollen voluminous mass, more or less dark 
in colour according as the temperature of preparation was 
higher or lower, between the limits of 200-300** C, and 
according to the longer or shorter duration of the heating. 
The solubility of the product also increases with this tem- 
perature and duration of heating, as also the fastness of 
the effects produced on fibres, especially in regard to the 
action of light. All the products are very hygroscopic, and 
must be kept in well-closed sheet-iron boxes, especially to 
guard against oxidation by the air, by which the colouring 
matter is converted into an insoluble substance. Without 
this precaution they become quite useless in four to five months. 
In a freshly prepared dye-bath the colouring matter has such 
affinity for the vegetable and animal fibres that, when the 
dyeing is sufficiently protracted, the whole may be withdrawn 
from the bath, and a colourless liquid left. Of particular 
importance to the productiveness of this colouring matter is 
the nature of the water employed. In waters containing 
lime it dissolves only incompletely ; if only such water can 
be obtained, it must be purified before use by boiling with 
soda. The colouring matter is also separated from its solution 
by acids, but the precipitate readily redissolves in dilute 
alkaline liquids. This behaviour affords a means of purifying 
the colouring matter, and obtaining it in the form of a dry 
unalterable powder, soluble in alkaline liquids. Other pre- 
cipitants are alutn and metallic salts ; the precipitates vary in 
colour according to the metal. The most important pre- 
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cipitant for dyeing purposes is, however, potassium bi- 
chromate, which is principally important because of the 
oxidising action of the chromic acid, and because the precipi- 
tates which it produces, with slight exceptions, are quite 
unacted upon by most solvents, even by boiling caustic 
liquors, so that this salt is a most valuable means for fixing 
the colour upon the yarn or fabric. 



CHAPTER XII 

DYEES' WASTE WATEKS 

Recovery of Arsenates and Phosphates. — For the 

recovery of the arsenates and phosphates from the solutions 
used for fixing the mordants — the so-called " dunging " — the 
following process has been patented by Higgins and Sten- 
house : — The waste liquors are mixed with an iron or 
manganese salt, the mixture made alkaline by milk of lime, 
and allowed to settle. The precipitate, which contains the 
arsenic and phosphorus, after removal of the clear liquid, is 
brought on to cloth strainers. A portion is then examined 
for the percentage of bases it contains, and an equivalent 
quantity of sodium monosulphide added to the whole bulk. 
The mixture is then boiled with water in a steam-jacketed 
pan for two hours. The resulting clear solution contains 
sodium arsenite, arsenate, and phosphate ; if a little sodium 
sulphide should be present, it is oxidised by means of 
sodium hypochlorite. The solution is now again available 
for " dunging " ; if it should be too alkaline, it is neutralised 
by a mineral acid. 

Recovery of Dyes from the Waste Liquors. — This 
patented discovery is due to Eemmers, of Glasgow. It 
accomplishes the recovery of alizarine and purpurine from 
the waste liquors obtained in dyeing Turkey reds and other 
shades, for which madder or artificial alizarine is employed. 
For this purpose the waste liquors are run into a large tank, 
into which hydrochloric or sulphuric acid is run in quantity 
sufficient to precipitate the whole of the colouring matter 
out of the solution. The reaction is accelerated by stirring. 
After settling, the clear liquid is drawn off* from the pre- 
cipitate, which is boiled for some minutes, when necessary, 
with a little acid, until the liquid acquires a yellow colour. 
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After cooling, the precipitate is separated from the liquid by 
means of a filter press, and washed until neutral, when it 
may again be used in any dyeing process. 

Recovery of Tin from the Waste Waters of Dye- 
works. — Mogret has given an account of the recovery of tin 
from the waste liquors of dye works {Moniteur de la Teinture, 
1889; Fdrher-Zeit, 1889). To a greater extent than ever 
before, tin preparations, in the form of stannic or stannous 
oxide, play an important part in dyeing, both as mordants 
and for weighting silk. Hardly half the quantity of tin 
used is really utilised, the other half is lost in the used mor- 
danting or dyeing baths or in the wash waters of yarns 
and fabrics. Since this metal is expensive, the wash waters 
and used liquors represent a considerable sum. In order to 
regain a portion of the valuable constituents, which run into 
the drains and contaminate the rivers, the dye-baths and 
wash waters are collected in tanks. In these the tin is pre- 
cipitated by the addition of granulated zinc, or, better, of zinc 
dust — ^known under the name of " preparation." This tin 
is mixed with stannic oxide, filtered through woollen cloth, 
the precipitate washed, dried, and melted at a white heat, with 
the addition of borax and a little granulated zinc. The stannic 
oxide is reduced by the zinc ; excess of zinc is volatilised at 
the high temperature employed. In this manner pure metallic 
tin is obtained, which collects to a lump in the crucible, and 
is of considerably higher value than • the zinc used in its 
recovery. This method is said to be employed in several 
large works in France. 



CHAPTER XIII 

FAT FROM WASTE 

Recovery of Neat's-foot Oil. — The fresh feet of oxen, 
calves, and pigs are boiled in a pan with water ; the boiling 
is continued for fifteen minutes, after which the heating is 
moderated, so that the liquid is no longer in ebullition. The 
fat, which collects as an oily layer on the surface of the hot 
water, is continually removed by means of a shallow spoon, 
and collected in a high, narrow vessel. The residue in the 
boiling vessel — the feet freed from fat — is disposed of to glue 
manufacturers. On long standing, the neat's-foot oil separates 
on the surface of the water in this vessel as a clear oily layer, 
which is poured off from the water, and brought into small 
bottles of white glass, which are exposed to direct sunlight 
in order to bleach the fat. According to R. Brunner {Die 
Fdbrikation der Schmiermittel, A. Hartleben, 1897), the 
bleaching is more rapid if a sheet of violet glass be placed 
in front of the bottle, for violet light has the most powerful 
action. The finest product is that which has been separated 
by freezing. The neat's-foot oil is, with this object, exposed 
to the intense cold of winter, and the residual liquid portion 
separated in the cold from the solid portion by fine linen 
cloth. In France, sheep's feet are first immersed in water 
heated to 75-80° C. for about twenty minutes, when wool 
and hoofs may easily be removed by hand ; the feet are then 
boiled with steam. Four hundred sheep's feet give 1-2 litres 
of fat (0-2 2-0-44 gal.) of 0*915 specific gravity 

Recovery of Bone Fat. — Bones are not spoiled for the 
purposes of glue or bone-black making by the removal of the 
fat. The fresh bones are brought into a pan and covered 
with water, which is very slowly heated to boiling. The 
boiling must be continued for several hours, and the mixture 
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then left at rest. After five to six hours the crude fat has 
collected on the surface ; it is removed, whilst still fluid, into 
a wooden pot lined with sheet-lead. 

The best refining agent for this fat appears to be the 
so-called aqua regia, which is obtained by making a mixture 
in a glass vessel of one volume of white nitric acid and four 
volumes of strong hydrochloric acid, and allowing it to stand 
until it has acquired a reddish yellow colour and evolves a 
penetrating smell of chlorine. Not more aqua regia should 
be made than can be used within a few days, since it soon 
loses its activity. To 100 parts of fat contained in the 
above wooden vessel is added 1—1*5 part of aqua regia, which 
is mixed with the fat by prolonged stirring, and remains 
in contact with it for some hours. When the bleach- 
ing is finished, warm water is added, and the acid then 
run off carefully through a plug-hole at the bottom of the 
tank. The fat is again mixed with warm water, well stirred, 
and the water drawn ofiF. This washing with warm water 
must be repeated until the last trace of acid is removed, i,e, 
until the water does not act on blue litmus paper. It 
should also be mentioned that the lead sheets, with which the 
vessel is lined, are at first strongly attacked. The white 
coating produced on the lead — lead chloride — should not be 
removed, since it protects the lead beneath from the further 
action of the acid in the same manner as a varnish. 

When older bones are used, the above method for obtaining 
the fat must be somewhat altered. The bones are boiled 
with water, as above described, a brown fat of unpleasant 
odour being obtained, which is drawn off into wooden vats 
and allowed to stand for several days. During the slow 
cooling, a granular greyish^white mass separates, upon which 
a brownish yellow oil swims. The solid portion may be used 
in the manufacture of ordinary soap, the liquid in the pre- 
paration of lubricants. The fluid portion of the bone fat is 
bleached with aqua regia, as above described. The older the 
bones, the larger is the quantity of aqua regia required. The 
addition of any larger quantity than mentioned above must 
be very cautiously made ; after 1 per cent, has been added, 
each fresh addition must not be more than 0*25 per cent. 
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Finally, in order to free the bone fat from the admixed oleic 
acid, it is treated with about 10 per cent, of its weight of 
caustic lime, which is slaked with water immediately before 
use, and the resulting milk of lime stirred with the fat and 
then allowed to settle. The oleic acid is thereby completely 
removed by the lime. According to Brunner*s experiments, 
the oleic acid may also be removed by an addition of litharge 
(lead oxide), especially if the fat be warmed before the intro- 
duction of the litharge. The lead oleate, which is produced, 
remains mixed with the fat, and converts it into a mass of 
the consistency of hard salve, which may be employed as a 
very useful lubricant for waggon axles. 

A patent in 1873 by F. Sebor, of Prague, which was 
inaccessible to the author, related to the utilisation of the by- 
products of the manufacture of bone-black. In the only 
communication accessible to the author {Dingier* s Journ,, 
1873), Sebor states that not only had most of the bone-black 
works in Austria already adopted his process, but that many 
sugar-works also had introduced it. 

Sebor summarises the advantages of his process as 
follows: — (1) A faultless and unadulterated **char"; (2) the 
production of an illuminating gas of excellent quality, since 
it consists mainly of oil gas ; (3) the production of ammonium 
carbonate, which may either be converted into ammonia or 
another ammonium salt, or utilised in the form of ammonium 
sulphate as a very valuable fertiliser. The cost of producing 
" char " is reduced to a minimum by the utilisation of these 
by-products of bone-burning. 

Recovery of Oil from the Cleaning Cloths of 
Machinery. — The most suitable method for the recovery of 
the oil is founded on the fact that all the substances used as 
lubricants are soluble in petroleum ether and benzene. The 
lubricant is dissolved in one of these solvents, and obtained 
by evaporation of the latter. The solvent is also regained, 
and may again be used for cleaning a fresh quantity of 
cloths. 

The used cleaning cloths are squeezed fairly tight into a 
sheet-iron cylinder, provided with a tap at the bottom, 
and with an air-tight lid. Before the lid is put on, so 
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much petroleum ether or benzene is poured over the cloths 
that, after they are saturated, the solvent quite covers them. 
The lid is then put in place, and the vessel left at rest for 
twelve hours. The tap on a pipe about two yards long, 
attached to the lid, is then opened ; water is run in through 
this pipe, and the lower tap opened. The solution of the 
solvent runs off; water is added through the pipe until 
nothing but pure water runs away below. 

The solution of the lubricant is then brought into a 
distilliug apparatus, the still of which stands in a pan of 
water. The water is then heated to boiling. Since both 
the solvents mentioned have a boiUng-point below that of 
water, they evaporate completely, aud can be regained by 
cooling the vapours. The lubricant, which was dissolved 
from the cloths, remains in the still in a fluid condition. 

In order to renovate cleaning cloths saturated with fatty 
lubricants, the method of saponification may be employed. 
The cloths are brought into a pan, weak caustic soda solution 
poured over and heated to boiling. From time to time a few 
cloths are taken out of the liquid to see whether all the fat 
is yet saponified. When this is the case, the cloths are 
removed from the liquid, and boiling continued, when an 
ordinary soap is obtained. Cloths saturated with mineral 
oils or parafl&n cannot be cleaned in this manner, but must 
be treated with the above-mentioned solvents. 

Utilisation of the Residues of Wool- Washing. — Into 
the fatty waters, which are contained in large masonry 
tanks, sulphurous acid enters straight from the furnaces in 
which the sulphur is burnt (Chaudet, Muster-Zeit, 1873). 
After the mass has become acid, it is allowed to stand for 
twenty-four hours. The tank then contains three separate 
layers, — the top consisting of impure fat, the bottom of an 
earthy deposit, whilst the middle layer contains the sulphites 
of soda, potash, and ammonia. This middle layer is con- 
centrated by evaporation, and the residue burnt in a furnace. 
The sulphites are then converted into sulphates, which are 
obtained by solution and crystallisation. The upper layer is 
warmed and pressed in bags, in order to obtain the fatty 
acids. 



CHAPTER XIV 

FISH WASTE 

Utilisation of Fish Scales. — In the year 1874 a method 
was discovered, by which fish scales, as such, might be used 
in the production of ornaments, artificial flowers, inlaid work, 
and the like. Layers of fish scales, bound together by any 
binding medium, are now better replaced by mica waste, 
which is more easily coloured and applied. E. and J. 
Huebner, of Newark, in 1874, obtained a patent for the 
following process : — The fish scales are cleaned in a suitable 
manner, until they appear transparent and horny. The large 
scales of fresh fish are the most suitable ; old scales are 
useless, since they have lost their elasticity and transparency. 
In tie process of Huebner the fresh scales are first treated 
for twenty-four hours with clean salt water, in order to 
loosen and remove partially the upper layers. They are then 
washed in distilled or clean rain-water, which is renewed 
every two to three hours. This is done five or six times. 
The scales are then separately and carefully rubbed with a 
fine linen cloth, gently squeezed in a press to remove 
moisture, and finally are laid for an hour in spirit, and 
again, as before, rubbed and pressed until dry. They have 
now the appearance of mother-of-pearl, and are very elastic 
and durable. They may either be used without further 
treatment, or may be coloured as required. 

Fish scales are used to prepare " pearl essence," or " fish- 
scale essence." The dace, leucisctcs alburnus, one of the 
commonest fish in our waters, is washed with water to 
remove any adherent dirt, and then carefully scaled, care 
being taken to remove scales alone, and not contaminate 
them with pieces of skin or blood. The scales are carefully 
collected and kept in a vessel of water, until a sufficient 
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number for the farther treatment has been obtained. It is 
necessary to remove the scales from ahnost 40,000 dace, in 
order to obtain suflBcient to prepare one kilo, of pearl essence, 
which quantity is, however, sufficient to make many thousands 
of artificial pearls. The vessel in which the scales are 
collected is best placed in an airy loft, since the scales very 
soon decompose, and then give off a most unpleasant odour. 
In order to avoid this inconvenience the following process is 
adopted : — The scales are covered, not with water, but with a 
solution of salicylic acid obtained by dissolving three grams 
of the acid in one litre of water (3 in 1000). The salicylic 
acid is tied up in a little linen bag, which is suspended in 
the water, so that the acid gradually dissolves. By using 
this simple precaution the collecting vessel for the scales 
may be allowed to stand in the summer without the least 
injury. When a sufficient quantity of scales has been 
collected, the liquid above them is allowed to run ofiF, and a 
portion of the mass of scales transferred to a large porcelain 
mortar, in which they are ground for a long time with a flat 
pestle. In consequence of the grinding, those particles are 
removed from the scales which are the cause of their silvery 
appearance. After long rubbing, the mass in the mortar is 
mixed with water, and the whole poured on a closely-woven 
linen cloth stretched over a tub. 

The colouring matter of the scales, which is suspended in 
the water in the finest state of division, penetrates the cloth 
together with the water. The scales are again ground and 
mixed with water, when a second quantity of the colouring 
matter is obtained. After the latter is entirely collected in 
the tub, the liquid is well stirred up, left at rest for some 
time, and then drawn off into glass bottles, in which it is 
allowed to stand until the colouring matter has completely 
settled to the bottom. The coarser portion of the colouring 
matter remaining in the tub is again stirred up with water, 
and allowed to settle. 

The water above the colouring matter is carefully poured 
ofiF. and the latter finally collected in one bottle. In the 
moist state it has a silver-white colour and a high glitter ; 
on drying, a soft silver-grey powder is obtained. This " fish- 
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scale essence " can be kept for a long time unaltered under a 
solution of salicylic acid. 

The mass with which the pearls are filled is prepared in 
the following manner : — Completely colourless gelatine is 
swollen in an aqueous solution of salicylic acid ; the liquid is 
then poured oflF, and the gelatine melted to a clear liquid by 
cautious heating in a porcelain dish. The fish-scale essence 
is now introduced, and most intimately mixed with the 
gelatine. No definite figures can be given for the quantities 
of gelatine solution and fish-scale essence ; the rule is to take 
no more of the latter than is absolutely necessary, because it 
is a costly substance. Thus no more of the "essence" is 
taken than is sufficient to cover the mass after it is intro- 
duced into the glass pearl. 

The mixture is kept melted on a water- bath, and intro- 
duced into the glass pearls by sucking it up into a glass tube 
drawn out to a point, allowing a drop to fall inside the glass 
pearl, and turning the latter until the inner surface appears 
to be quite covered by the pearl essence. 

In order to prevent the solidified mass from becoming 
detached from the glass wall, and to give the pearls a greater 
weight, they are filled with melted wax or a mixture of wax 
and paraffin. Pear-shaped pearls, which have only one open- 
ing, are filled with wax, and the opening closed by a small 
drop of melted pearl essence. 

J. Loreau, at his works at Kernevel, near UOrient, uses^ 
fish in the preparation of sardines in oil. A large quantity 
of waste is produced, consisting of heads, bones, entrails, 
bloody salt liquors, etc. This waste is collected, drained, 
heated in a pan and pressed ; the cakes are dried and ground, 
when a fertiliser is produced. If treated with sulphuric acid, 
this fish guano would be very suitable for beetroot. {BulL 
Soc. Encouragement, 1877; Dinglerls Jovjm,^ 227, p. 511). 

Substitute for Isinglass, also Gtelatine and Olue from 
Fishes and Fish Waste. — A substitute for isinglass, also 
for gelatine and glue, is prepared by C. A. Sahlstrom, of 
Stockholm, according to his patent, from fish and fish waste, 
by treatment with bleaching powder, potassium permanganate, 
and nitrous and sulphurous gases. 
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For this purpose the fishes, or portions of fishes, are first 
well washed in fresh water, and then left for from three to 
four hours in a solution of about 85 grms. of bleaching 
powder in 25-30 litres of water (1 in 300 to 1 in 350). 
After washing, they are treated with a solution of about 
5 grms. of potassium permanganate in 25—30 litres of water 
(1 in 5000—6000), and then exposed to the action of the 
nitrous gases produced by heating 300—400 grms. of nitric 
acid for every 40 kilos, of raw material (about 1 per 
cent.). This gas may be first absorbed by water, as in the 
manufacture of sugar; or sulphur dioxide may be used 
instead of nitrous gases; the former would be obtained by 
burning about 200 grms. of sulphur for every 40 kilos, of 
raw material (about 0*5 per cent). 

The material, iafter this treatment, is washed; those 
portions intended for the production of the isinglass substi- 
tute are freed from their outer skins and dried and pressed 
at a gentle heat. The portions destined to produce gelatine 
or glue are, on the contrary, exposed to a temperature of 
40-50° C. for from ten to twelve hours, by which the 
material is mainly dissolved. The mass is then forced through 
a strainer or sieve, allowed to stand for some hours, and finally 
dried, as is usual in the manufacture of glue or gelatine. 



CHAPTER XV 

CALAMINE SLIMES 

Utilisation of the Residues. — Prof. Schwarz proposes 
extraction with hydrochloric acid, as a means for obtaining 
zinc from calamine slime {Dingler's Joiirn., 218, p. 212). 
When the slightly roasted calamine is mixed with exactly 
the proper quantity of very dilute sulphuric acid required to 
saturate the zinc oxide, the latter is chiefly dissolved. When 
a calamine slime containing 9 '5 per cent, of zinc oxide is 
lightly roasted, and then mixed with the quantity of 2J per 
cent, hydrochloric acid equivalent to the zinc oxide, 5*6 per 
cent, of zinc oxide is dissolved. When the residue was again 
treated, the percentage of zinc was reduced to 1*5. 

For 40 parts, by weight, of zinc oxide, or 32 of zinc, 73 
parts of anhydrous hydrochloric acid are required, or about 
243 parts of strong hydrochloric acid of 30 per cent, strength. 
Thus 100 kilos, of zinc, require 777'6 kilos, of hydrochloric acid. 
If the crude hydrochloric acid at the works cost 2*5 marks 
per 100 kilos, (about Is. 3d. per cwt), 100 kilos, of zinc 
would require acid worth 19 '44 marks, which, with zinc at a 
price of 48 marks (24s. per cwt.), would leave a possibility 
of profit. There would be in addition the cost of precipitat- 
ing by milk of lime, drying, and reducing to metallic zinc, 
although the latter, in view of the fine state of division of 
the precipitated zinc oxide, would take place readily and with 
a small consumption of fuel. 
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CHAPTER XVI 

TANNERY WASTE 

Utilisation of the Waste as a Fertiliser. — Opinions 
have been expressed against the use of spent tan bark as a 
fertiliser on account of the tannin it contains, which might 
injuriously affect cultivated plants. Still it may be remem- 
bered that all barks used for tanning purposes are completely 
extracted. In an article in the Mark Lane Express the above 
opinion was pertinently refuted. The tanning process, it is 
there said, gives rise to a quantity of waste and residues, 
which may very well have unrestrained use in agriculture — 
in fact, to a much greater extent than was formerly supposed. 
These residues are divided naturally into animal and non- 
animal. Agriculture can with advantage employ only those 
residues of each kind which cannot in any other manner be 
made useful, since it cannot pay the same price for its fer- 
tilisers as another branch of industry for a material out of 
which something useful can be directly produced. The animal 
waste of tanneries is much richer in manurial substances than 
the non-animal. In tanneries the fresh raw hides are first 
subjected to the prolonged action of milk of lime ; they then 
undergo two operations, which determine the value of the 
tannery waste. In the first place, the hair is removed from 
the outside of the hide, and then remains for a long time in 
contact with lime. The second manipulation consists in re- 
moving the adherent flesh from the inner side of the hide, 
and also the thin cuticle. These waste matters are mixed 
together, and lie in heaps. They contain on an average about 
75*5 per cent, of water and 24*5 per cent, of dry matter; 
the latter is composed of 84*5 per cent, of organic constitu- 
ents and 15*5 per cent, of mineral substances. In 100 parts 
of the mineral matter are contained 3*25 parts of silicates, 
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17*5 parts of calcium phosphate, 69 parts of calcium carbonate, 
and about 10 parts of other salts. The mean proportion of 
nitrogen is about 7 per cent. Generally these heaps are from 
two to three months in collecting, during which time they 
lose about one-fifth of their volume of water and three-tenths 
of their nitrogen. This loss is due to the rapid decomposition 
of the animal matter under the action of the lime. This 
fertiliser has then, according to present prices of its proximate 
constituents, a value of 24—40 pfennigs. In strawberry 
plantations the soil is covered by a layer of tan bark about 
two inches deep. The fruit has then a clean bed, and 
the snails, the chief enemies of the strawberry, are kept 
off. 

The vegetable portion of this tannery waste is a result of 
the tanning, which is only obtained after the hides have 
undergone their first treatment. This process is accomplished 
by using the bark of oaks or other trees rich in tannin, 
which is finely ground or powdered, and then put in alter- 
nate layers with the hides in the tan pits, water being then 
run in to dissolve the tannic acid. 

The loose and fibrous nature of spent tan bark leads to the 
experiment of using it in place of straw for litter. When so 
used, it absorbs double its weight of liquid ; it is advisable for 
this purpose to use it together with straw. It is not heavy, 
and may therefore readily be carried about. Tan bark, how* 
ever, always still contains a certain percentage of tannin, and 
it is recommended to use it in combination with lime, phos- 
phates, or ashes, materials which at the same time hasten 
its decay. In combination with animal excrement, tan bark 
accordingly forms a valuable fertiliser. In gardens it retards 
in the most marked manner the evaporation and drying of the 
soil. 

Finally, there is known the utilisation of bark to form 
harU cakeSy which are made in a press and used as fuel. 
Tan bark is also used, on account of its elasticity, for covering 
the floors of gymnasia, etc. 

The Waste Waters of Tanneries in their Applica- 
tion as Valuable Fertilisers is advanced by J, S. Schultz 
in his Leather Manufacture, We follow here the views 
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laid down by Schultz, as communicated to the Gerber- 
zeitung by F. Kathreiner, of Munich. 

The water from softening, as also the lime-pits and tan- 
pits, which have become useless, and the wash waters 
from the scouring and cleansing operations, are all collected 
in a large tank placed below the level of the tannery, so 
that all these valuable liquid fertilisers may be collected 
without pumping. This reservoir may be at some distance 
from the position when the washing and scraping operations 
are performed ; in fact, it is an advantage if it be several 
hundred feet away rather than near at hand. It should be of 
sufficient size to contain, not only the waste waters, but also 
the solid matters which come from the sweepings and 
cuttings on the floors of the washing and drying places. 
These waste waters are so valuable that the author could see 
how a small tanner could fertilise 100 acres with the waste 
of a tannery treating 5000 hides. Exhausted bark, fine 
cuttings and scrapings, and even earth, may be brought into 
this reservoir, in order to take up the ammonia, and then be 
added to the soil with great profit. 

Waste, consisting of Pieces of Untanned Hide, and of 
" tawed " leather, may be used in the preparation of the finer 
kinds of glue. On account of the differences in the material, 
the waste from untanned hides and from leather is collected 
in separate vessels. The waste of " tawed " leather, if it has 
been sufficiently dried by exposure in thin layers, may be 
stored, without further treatment, in any vessel until a 
sufficient quantity has been collected. The waste from un- 
tanned hides may be treated in the same manner, but it is not 
dried, since the skins, being saturated with water, are precisely 
in the condition from which they can easily be converted into 
glue. The glue maker has therefore again to soften the dried 
waste, and labour is thus lost. The hide waste is .therefore 
left in the swollen state, care being taken that it does not 
decompose. This is done by keeping it in a tub under clear 
lime water, which must always cover the cuttings and also 
contain sufficient lime. Fresh lime water is therefore added 
from time to time. When the tub containing the cuttings is 
placed in a cool room, they may be kept for four to six weeks 
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without decomposition ; if they are then to be worked up for 
glue, the lime water is run off and the hide washed several 
times with pure water. 

It is still more convenient to keep the hide cuttings in a 
weak solution of carbolic acid — 1 in 1000. When they are 
to be used, they are taken out of this solution, allowed to 
drain, and washed with water. The carbolic acid solution 
may be used to preserve fresh quantities of hide. 

Hide clippings may be converted into glue without 
further treatment. The clippings of " tawed " leather are best 
treated repeatedly with cold water, and then with hot water, 
in order to " untan " them and, as far as possible, to obtain 
the original hide. Clippings of chamois leather can only with 
far more difficulty be converted into glue, since in them the 
tanning substance is far more firmly combined than in 
" tawed " leather. It is best to boil these clippings with 
weak caustic liquors, by which they are at least partially 
untanned. 

In order to convert into glue the clippings of leather 
tanned with alumina soaps, they must first be boiled in a 
liquid containing an acid, such as sulphuric, in order to 
decompose the insoluble soaps. The clippings are then 
squeezed and boiled with a weak caustic lye, in order to 
convert into the soluble condition the free fatty acids now 
present. 



CHAPTER XVII 

GOLD AND SILVER WASTE 

Recovery of Gold from Liquids containing the 
Metal. — Boettger (Dingier' s Journ., 213, p. 257; D, Ind.- 
Zeit., 1874, p. 296) brings the liquid to the boil in porcelain 
vessels, adds a solution of stannous oxide in caustic soda, and 
continues the boiling until all the gold — in combination with 
tin — has separated as a fine, intensely black precipitate, 
which is pressed and then dissolved in aqiia regia. The 
liquid thus obtained is a solution of gold and stannic 
chlorides; it is carefully evaporated, diluted with distilled 
water, a sufficient quantity of sodium potassium tartrate 
(Rochelle salt) added, and the mixture warmed, when every 
trace of gold separates as a very soft brownish powder, whilst 
the tin remains dissolved. 

Recovery of Gold from Galvanic Baths. — According 
to Plage (Indmtriebly 1878, p. 190), a porous cell contain- 
ing a solution of salt is placed in the gold solution ; inside the 
cell is placed a zinc rod, which is connected by a brass wire 
to a thin brass plate immersed in the gold solution. In three 
to four weeks, after once or twice renewing the brass plate, 
the zinc rod is dissolved, and all the gold is precipitated on 
the brass. The latter is dissolved in nitric acid in a porcelain 
dish, the gold is washed, dried, and may finally be melted 
with saltpetre in a Hessian crucible. 

Recovery of the Gold from old Photographic Toning 
Baths. — F. Haugk (Photog. Arch., 1877, p. 6) filters old gold 
baths into a white glass bottle, adds excess of sodium car- 
bonate, and then an alcoholic solution of magenta, drop by 
drop, until the liquid has become raspberry-red. If the flask 
is now placed in a light window, the gold is entirely pre- 
cipitated in six to eight hours, so that the liquid may be 
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poured ofiF. When a sufficient quantity of the precipitate has 
collected by repeating this process, it is well washed and 
brought on to a filter, which is burnt, and the gold then 
dissolved in excess of aqua regia. By evaporation of the 
solution, gold chloride is obtained, which may at once be 
again used for photographic purposes. 

Collection, Reduction, and Purification of Silver and 
Qold Residues. — Complete instructions for these operations 
have been given by J. Kriiger (Neueste Erfindungen, 1878, 
p. 194), taking all photographic waste of this description into 
account, and showing exactly how the highest yield may be 
obtained from all residues, and the processes best conducted 
with the ordinary technical appliances. 

1. Liquids which contain Noble Metals, — If we follow the 
numerous photographic processes required by the collodion 
and silver printing process, we obtain the following solu- 
tions : — {a) Old, exhausted, and useless silver baths ; (J) 
developing and intensifying solutions; (c) fixing baths, and 
{d) the wash waters of these operations ; (e) the wash water 
of the silver prints ; (/) old gold baths ; {g) old fixing baths ; 
and Qh) the wash waters after fixing. At first sight it is seen 
that all these solutions differ principally by containing the 
silver in quite different compounds and forms — partly in 
solution, partly suspended, partly reduced, partly dissolved as 
double compounds. On this account it is advisable only to 
mix liquids of the same kind, and not, as is often done, to 
bring all together. Thus, all old silver baths should remain 
by themselves, as also the intensifying liquids and the 
solutions and wash waters containing sodium hyposulphite ; 
for by mixing, not only is the separation of the silver made 
more difficult, but also a considerable loss is introduced. 
Accordingly, we shall consider these liquids in turn, in order 
to learn how they may most simply, cheaply, and easily be 
worked up for silver. 

(a) Old Silver Baths, — The silver bath used in the negative 
process finally contains, when it is completely exhausted and 
saturated with silver iodide, the silver in the form of mixed 
compounds ; it is principally the compound of silver iodide 
and nitrate (AgNOj + Agl) which makes the reduction, or 
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rather the recovery, diflBcult. When I hear and see that 
many photographers adopt an easy course by simply 
evaporating these baths to a strength of one part of silver 
salt to ten parts of water, and at once using this solution to 
silver albumin paper, I cannot repress a shudder. I take this 
opportunity of giving an earnest warning against this practice ; 
for I thought it was universally known that the silver iodide, 
which is dissolved in the solution, and is thus conveyed to 
the albumin paper, does not give brilliant whites and pure 
tones. It should not be overlooked that even by a long-con- 
tinued fusion of the residue of salts produced frpm these 
old negative silver baths, the silver iodide therein can neither 
be separated nor reduced, but rather remains, and can only be 
destroyed by the decomposition of the double compound. The 
most general method for separating all the silver salt contained 
in these baths is to add to them common salt or hydrochloric 
acid, so long as a precipitate is produced ; the silver is thus 
precipitated as chloride. This precipitation occurs completely 
under all circumstances, and hence no objection could be 
taken to the process, if the silver chloride obtained were not 
more difficult to reduce and smelt than another silver salt — 
the carbonate. For if, in place of common salt, pure soda 
(sodium carbonate) is used for precipitating the silver, then 
silver carbonate is obtained, which has many advantages for 
our purpose of reduction : it deposits more rapidly, and is 
inore easily and quickly reduced, since it does not froth up 
so much as silver chloride in the fusion. The same process 
is used with the soda solution as with the common salt 
solution ; the mixture is vigorously stirred, allowed to clear, 
and then more precipitant added so long as a precipitate is 
produced. It might be objected that sodium chloride only 
precipitates silver, whilst soda also throws down other metals. 
But this is not material, since in the silver bath neither iron 
nor copper nor similar metals are to be feared ; and the small 
quantities of cadmium derived from the collodion are either 
taken up by the slag in the fusion or burnt away. The 
silver carbonate thus obtained is a pale yellow powder, easily 
reduced ; it requires in the fusion only a small addition of sodium 
carbonate as flux, in order rapidly to obtain a pure regulus. 
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(h) The Developing and Intensifying Liquids. — These 
liquids are more or less dark in colour, according as green 
vitriol alone, or green vitriol and pyrogallic acid, are em- 
ployed; the precipitate which forms in the liquid is also of 
varying purity. It always consists essentially of reduced 
silver, which is precipitated more or less pale, according to 
the purity. It is collected, washed, dried, and fused with a 
little soda alone, when it gives a solid lump of metallic silver. 
Every photographer who himself carefully collects these 
liquids will be well rewarded by the success, for the profit 
is easily .obtained, and easily surpasses the trouble. This 
precipitate may be smelted together with the precipitate of 
silver carbonate obtained from the old silver baths. 

(c) Fixing Solutions and their Wash Waters, — In view of 
the difference between the fixing salts — potassium cyanide 
and sodium hyposulphite — it is, in the first place, important to 
keep the two separate, and also the corresponding wash waters. 
In the case of potassium cyanide, which is mostly used for 
negatives, two methods may be adopted in order to recover 
the silver: the liquid may either be evaporated to dryness, 
and the residue ignited, or it may be treated with pure 
hydrochloric acid, so long as a precipitate is formed. On 
account of the extremely poisonous hydrocyanic, acid gas 
evolved in the latter operation, it must be conducted in the 
open air, or under a chimney with a good draught. The 
potassium cyanide is then decomposed, potassium chloride 
is formed, and the dissolved silver is precipitated. In 
evaporating — which may be done in summer in the air — in a 
hot, draughty room the potassium cyanide decomposes spon- 
taneously ; finally, a formate is produced, and there remains 
a dark brown mass of salts, from which all the silver may 
easily be obtained by fusion. It is highly to be recom- 
mended to allow all potassium cyanide solutions, from which 
silver is to be recovered, to decompose spontaneously in the 
air, by which they lose their poisonous properties and 
separate a large portion of the silver. 

Old hyposulphite baths and their wash waters are 
generally collected and sold, but naturally something must 
then be lost, and it is at least advisable to know the amount 
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of silver in the liquid. This is simply found: exactly 100 
grms. are measured off, diluted with 200-300 grms. of water, 
and a strong potassium iodide solution added so long as a 
precipitate is formed. This precipitate is silver iodide ; after 
washing and drying, it is weighed and the corresponding 
quantity of pure silver calculated. This may be done by 
means of the following table : — 
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This method depends on the insolubility of silver iodide 
in weak solutions of sodium hyposulphite. As a rule, how- 
ever, it will be found that, on long standing, sodium hypo- 
sulphite separates a portion of the silver chloride dissolved in 
it. Silver sulphide is deposited both at the bottom, where it 
forms a black mud, and on the sides of the vessel, which 
must be remembered in emptying the contents. The silver 
sulphide, which is not an insignificant amount in old hypo- 
sulphite baths long exposed to the air, is calculated to the 
corresponding quantity of silver by the following table : — 
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Parts by weight. 
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The method, recommended by several writers, of decom- 
posing these old hyposulphite baths by hydrochloric acid, in 
order to obtain the dissolved silver as silver sulphide, is not 
considered advisable by the author, for, on the one hand, the 
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sulphuretted hydrogen gas which is evolved is extremely 
dangerous to health, and very harmful to all photographic 
work (on which account the operation must be performed 
at a distance from the studio and in the open air), and, on 
the other hand, so much sulphur is separated that its removal 
necessitates a separate operation, and makes much more 
difficult the further treatment of the precipitate. Such 
precipitates containing sulphur can only be reduced by 
fusion, and since in this case the addition of pure soda or 
other salts does not suffice, iron must be added to the 
mixture in the form of wire or nails, or as filings, so that 
sulphide of iron may be formed and the difficultly reducible 
silver sulphide obtained pure. Under all conditions the 
utilisation of these liquids by the method just mentioned 
is as complicated as it is unpleasant, hence sale is the more 
advisable method of disposal. In the author's many years' 
practice he has endeavoured, in face of these obstacles, to 
discover a simpler process, which would be neither too costly 
nor too complicated for the photographer. The best results 
may be obtained by the process next described. 

A large wooden vessel, in which all old hyposulphite 
baths and wash waters are collected, is provided with a series 
of plug-holes, in a vertical line, at distances 5 cms. (2 ins.) 
apart, from the top to immediately above the bottom. All 
the holes are closed by well-fitting corks. A broad clean 
strip of zinc, wound round with a fairly strong copper wire, 
and long enough to project out of the liquid, is brought into 
this vessel. When this apparatus has stood for some time in 
the liquid, the latter will be found to have become quite 
colourless, whilst the surfaces of the metals are covered by a 
grey metallic powder, which can be readily loosened and 
wiped off. This consists of metallic silver, which partially 
sinks to the bottom and partially adheres to the copper and 
zinc; in quantity it is equivalent to the metals dissolved. 
This precipitated silver is certainly not chemically pure; it con- 
tains zinc and copper, but their presence offers no difficulty in 
the subsequent fusion process. The separation of the silver 
from these liquids by phosphorus is very efficient, but 
costly; on the large scale it would be difficult, if not im- 
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possible, of execution. The addition of green vitriol, which 
the author also tried, is not without effect, but the silver 
precipitate then appears deep black in colour and contains 
sulphur and sulphide of iron. Copper sulphate (blue vitriol) 
behaves in the same manner. The organic acids, such as 
gallic and pyrogallic, are partly inefficient, partly too' 
expensive. More certain and less costly, though large 
vessels and much water are required, is the precipitation 
of the silver by potassium iodide, as given above, since 
weak decomposed hyposulphite solution cannot dissolve 
silver iodide. 

The utilisation of old liquids containing gold will be 
considered afterwards. In the next place, we shall see how 
the silver precipitates are to be further treated ; but before 
going on to the necessary processes of fusion or smelting, the 
methods for treating solid residues containing silver, before 
fusion, are given. 

2. Solid Residues containing Silver. — Under this 
heading come — {a) old silver filters: (J) old enclosures in 
the plate box, also the paper wrappings on the prepared plates, 
etc. ; (c) clippings from the prints. In order to reduce the 
volume of these papers, they are first burnt, in which 
operation it is advisable to sprinkle fine, dry, powdered salt- 
petre over the glowing mass, by which a slight explosion is 
caused and a more complete combustion of the carbonaceous 
matter of the paper (and, in albumin papers, of the albumin) 
is effected. It not rarely happens in this operation that the 
silver is obtained in the fonn of very fine minute globules of 
metal. This is not the object of the process, but simply, by 
diminishing the volume of the material, to save space, and 
thence expense and inconvenience. These ashes may then 
be at once mixed with the silver precipitates obtained from 
the various liquids, so that they may be reduced together. 
With this we reach the second part of our process — the 
smelting out of the silver. The author does not think it 
necessary to state to what extent this operation may be 
performed by the photographer himself, but simply states 
that many are of the opinion that this smelting may be 
accomplished in an ordinary iron stove, and even maintain 
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that the best results are then obtained. That this is not 
altogether unwarranted will appear in the following pages, 
but it must be at once understood that this troublesome and 
dangerous operation has not for its object the obtaining of 
some reduced silver as a regulus, but to regain the whole of 
Ihe silver united in one lump, and that with the least possible 
loss. 

Smelting out the Silver. — In whatever form the silver 
is collected, it must, in the first place, be thoroughly dried, 
either by spreading out and leaving in the air, or, in case that 
is not sufficient, by artificial heat. Care must be taken to 
see that this drying is thorough, for if the residues are 
thrown into the heated crucible while still moist, it would 
almost certainly crack, which is to be avoided. In every 
smelting operation two things are required — the complete 
reduction of the metal and its union to one lump, on which 
account certain substances require to be added. This addition 
consists almost always of an alkali salt, a carbonate, nitrate 
or chloride, i.e. a compound, which can both separate the 
silver compound to be reduced and also itself readily fuse, so 
that the silver, produced in small globules, may separate 
completely, sink to the bottom of the fluid mass, and there 
collect. If we have to do with pure silver masses, such as 
result from the developing and intensifying solutions, and also 
with silver carbonate, the smelting process proceeds calmly, 
exactly, and rapidly, whilst silver chloride, and silver 
sulphide to a greater extent, make the process difficult. 

The fluxes used and proposed for these operations are 
as little of the same nature as is the residuum or the waste 
resulting from the various photographic operations. The 
following salts are chiefly employed for this purpose: 
potassium and sodium carbonates, common salt (sodium 
chloride), sodium biborate, and also the so-called "black 
flux," a mixture of caustic potash, potassium carbonate, 
potassium tartrate, and carbon. These salts differ essentially 
in their action on the metals to be reduced. The alkaline 
carbonates are reducing agents and also excellent fluxes. 
They take up the chlorine, bromine, sulphur, etc., giving 
off carbon dioxide and forming the corresponding potassium 
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and sodium salts, which then form a light flux, which dis- 
solves accidental impurities, such as iron, copper, lead, and also 
calcium salts, and separates completely purified silver. They 
are the most often used, and since it is desirable to combine 
the advantages of the potassium salt, which (as also the 
sodium salt) forms a readily fusible glass, with those of the 
sodium salt, which is better to handle since it can readily 
be converted into a dry powder, whilst the potassium salt is 
very deliquescent, frequently the two are mixed, two parts 
of sodium carbonate being well ground with three parts of 
potassium carbonate. The alkaline nitrates have an oxidising 
action on the base metals present, and also effect the complete 
combustion of carbon. Both are used in refining the noble 
metals, small quantities being added to the carbonates, in 
order to obtain purer gold and silver. The nitrates are not 
used alone. Borax acts in the same manner as the nitrates, 
yet not by oxidation, but by forming glassy fluxes with most 
of the base metals, i,e, it dissolves them, so that they are 
completely converted into a coloured glassy slag. It is thus 
equally useful in refining, and is also very valuable because 
it is a good flux, which soon brings the slags into a very 
fluid state, by which the separation of the noble metals is 
much facilitated. Borax is generally used towards the end 
of the smelting process, in order to increase the purity of 
the silver and gold and help them to melt together. Common 
salt, which is much valued by some, is only useful on account 
of its ready fusibility. It is not correct to say that common 
salt reduces silver chloride ; it simply serves as a flux to fuse 
together the particles of silver, for which it is very suitable, 
because it is readily fluid, and under those conditions the 
silver can readily collect without any loss of the metal. For 
this purpose the author can recommend it from his own 
experience. Under the name of " black flux," a preparation 
is known which formerly was almost exclusively used in 
smelting the noble metals. As already mentioned, it consists 
essentially of potassium carbonate and organic carbon ; it is 
obtained by mixing two parts of potassium bitartrate with 
one part of saltpetre and setting the mixture on fire by means 
of a red-hot coal. A slow explosion occurs, with the produc- 



94 THE UTILISATION OF WASTE PRODUCTS 

tion of much smoke ; finally, when the mass is quite burnt 
and has cooled, a black carbonaceous mass remains — black 
flux. This mass is ground whilst still warm and at once 
brought into well-closed glass bottles, in order to prevent it 
from absorbing moisture from the air, which it rapidly does 
on account of its deliquescent nature. In addition to these 
salts, which, however, are always sufficient in a stove with 
a good draught and sufficient fuel, the addition has been 
recommended of rosin, sugar, and even soaps and syrup, as 
reducing agents, but the author does not agree with this 
advice, for what cannot be accomplished by the salts will 
never be attained by means of these easily decomposed organic 
matters. 

We now come to the charging of the crucible. Melting 
crucibles are conical cylindrical vessels of fire-clay. The clays 
used for most vessels for industrial purposes are never of 
such a composition that they can be used for melting crucibles. 
It is necessary to give them the requisite resistance by certain 
additions. The reasons for this are twofold: to impart 
indifference towards the fused mass, and the property of not 
cracking or breaking. A clay which possesses these properties 
is that mined at Almrode, from which are obtained the Hessian 
crucibles used all over the world, by adding half of its 
weight of coarse quartz sand. In spite of their durability 
in the fire, these crucibles require a certain amount of care, 
since all substances cannot equally be fused in them. This 
relates to those compounds which are able to dissolve quartz 
(silicic acid) and thus form silicates. In this case the walls 
or the bottom of the crucible may be perforated, so that the 
fluid contents may drop or flow out. ^To these substances 
belong free alkalis, free bases, and metallic compounds which 
form glasses with silica, as, e.g., litharge. To crucibles in 
which this substance is to be fused, in place of the quartz an 
addition is made of finely ground fireproof pottery. Other 
manufacturers take for this purpose also difficultly combustible 
carbon, such as graphite and coke. Another kind of crucible 
is the Passau crucible, made from one part of plastic clay 
from Schildorf, near Passau, with two to three parts of 
an impure graphite from the same district. These crucibles 
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may, without danger or the least alteration, be heated up to 
150° Wedgewood. They resist changes of temperature very 
well, and have the particular advantage over all other crucibles 
of a similar kind that the inside is quite smooth, which is 
a great advantage and very iniportant in smelting the noble 
metals, since then the fluid slag can be poured out clean and 
without sticking to the crucible sides. If this crucible has 
not the fame of the Hessian, it is because it is too dear for 
all those processes in which the melting vessel is broken after 
cooling at the end of each operation. In conclusion, it is 
to be noted that all crucibles soon become useless, they rarely 
can be used for any large number of fusions. 

The crucible is filled in the following manner : — The silver 
ashes, residues of the developing process, and salts precipitated 
in the form of silver carbonate are, in a perfectly dry con- 
dition, well mixed with the additions, which for this purpose 
are — potassium carbonate three parts, sodium carbonate one 
part. If, after thirty minutes' heating, the mass is near fusion, 
one part of saltpetre is added. Equal parts of silver ashes 
and the flux are taken. The crucible should at first be 
at the most two-thirds full, and it is advisable to cover the 
contents with a thin layer of common salt. If pure 
silver salt residues are melted together without the ash 
constituents, a mixture of equal parts of common salt and 
potassium carbonate is sufficient. When the mass melts, 
a very little dry powdered saltpetre may be added. Old col- 
lodion films, with and without varnish, both before and after 
fixing, contain silver bromide and iodide, and are therefore 
less easily reduced, yet a mixture of potassium carbonate four 
parts, sodium carbonate one part, and sodium chloride one 
part, added in equal quantity, will effect the result if a fierce 
and regular fire be maintained. 

Silver sulphide is the most difficult to reduce, yet the 
operation is easy if it is treated with equal parts of the follow- 
ing mixture: — sodium carbonate, 3 parts; common salt, 1 
part ; iron filings, | part. . An excellent reducing agent for 
silver sulphide is potassium cyanide, of which also equal parts 
by weight are used. Potassium sulphocyanide is then pro- 
duced, and chemically [)ure silver separated. 



96 THE UTILISATION OF WASTE PRODUCTS 

Silver chloride, which the author avoids when possible, 
may be reduced by the method given for collodion films, in 
which it is advisable to apply the common salt by sprinkling 
it into the crucible. 

In all these mixtures care is to be taken that the separate 
parts are quite dry and that the crucible is at first only 
three-quarters full. After filling the crucible, it may be 
placed in the stove. In the first place, a piece of roofing tile, 
of the circumference of the crucible — but not greater, so that 
the draught is not restricted — is laid on the fire-grate. The 
crucible is then placed upon it, surrounded by wood, and the 
latter lighted. As soon as it is suflBciently ignited, the wood 
and the crucible are covered with charcoal and coke, care 
being taken that the fire is always close round and covering 
the crucible. A long iron poker is used to order the fire. 
All the fuel must be dry, the crucible always well surrounded 
and covered. When the first charge of the crucible is quite 
fused, small portions of the residues are taken, wrapped in a 
piece of paper, and the ball brought into the fluid mass. A 
slight frothing follows, but in a short time the contents of 
the crucible are again in quiet fusion. The addition of fresh 
portions is continued in the same manner until the w'hole is 
introduced. With some care and attention boiling-over need 
not be feared ; if the mass rises considerably, it is stirred 
with a cold poker, when it at once falls. After the addition 
of the last portions, the fire is brought to its fullest heat, well 
stirred, new fuel added, and efibrts made to reach the highest 
temperature. This can be done in half an hour. 

When it is thought that the reduction is finished, the 
fused mass of salts is examined, both as to its appearance — 
since it must be at a white heat and quite fluid — and by 
means of an iron wire, which is plunged into the melted 
mass, and a test taken. The wire becomes covered by slag, 
which is examined with a lens, to see whether fine, scattered 
globules of silver are present in it. The slag should also be 
clear, and neither rough nor sandy, which would indicate that 
the mass is not yet sufliciently fluid to allow these impurities 
to settle. If the test shows any defects — and especially that 
the silver has not completely separated and united to one 
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mass — the fire must be increased, and the contents of the 
crucible again properly fused for some time, which is con- 
tinued until a new test shows the requisite signs of complete 
reduction and collection of the silver. This result is occa- 
sionally attended by difficulties, and, in fact, always when the 
stove is not provided with a sufficiently good draught or the 
necessary dampers, for even with sufficient fuel the necessary 
heat cannot be attained without a rapid draught. 

When the operation is successfully finished, the crucible 
is taken out with the tongs and placed on a heated stone slab. 
The silver may be removed either by pouring out or allowing 
to cool. If the silver is poured out, an iron vessel — say a 
mortar — is well greased with tallow, the fluid silver and slags 
poured slowly in, and, after completely cooling, the contents 
are knocked out, and the silver freed from adherent impurities. 

If, on the other hand, the crucible is allowed to cool 
slowly, the silver adheres fast to it ; the cold crucible is then 
finally broken, and the silver obtained as a rounded compact 
lump, free from slag. An attentive worker will always 
obtain a favourable result by carefully following these direc- 
tions ; but a certain amount of practice, and the knowledge 
thereby obtained, are of great advantage. A beginner should 
never throw away the slags without previously examining 
them for silver. This is done with the lens, and also, more 
certainly, by dissolving a small portion in hydrochloric acid, 
which does not attack metallic silver. If the slag is found 
permeated with silver, it must be again fused at a higher 
temperature. 

Recovery and Smelting out of Gold. — All liquids which 
contain gold are collected, and, if alkaline, acidified with 
strong hydrochloric acid. Any precipitate produced is dis- 
regarded. To the acid liquid is then added a strong solution 
of ferrous sulphate, so long as it produces a precipitate. 
Excess is not injurious, but the liquid ought not to be very acid. 
After a short time a black precipitate of reduced gold settles 
to the bottom, and is carefully filtered ofi^. If there is plenty 
of time, the precipitate may be allowed to deposit completely, 
and only the last portions filtered, after all the clear liquid 
has been poured off. The residue on the filter is many times 
7 
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washed by pouring clean water over, and then dried. When 
this is done the filter is burnt at an open tiame, the ash and 
its contents collected, and both mixed in a porcelain mortar 
with double the weight of pure dry (or effloresced) sodium 
carbonate ; the mixture is then at once brought into a crucible 
of suitable size. 

The crucible must have double the capacity of the 
mixture ; it is covered by a second crucible, fitting into the 
top, and the two luted together by good clay. The little 
apparatus shown in Fig. 8 is then obtained, viz. the crucible 
A, containing the gold residues ; the crucible £, serving as a 
cover ; and the junction C, 
made tight by a layer of clay. 
The whole apparatus, as thus 
arranged, is placed on a small 
piece of stone in the fireplace, 
then surrounded by charcoal ; 
C as soon as the charcoal is 
burning strongly, the whole 
is covered with coals, and a 
strong white-heat maintained 
continuously. The process is 
finished after about two hours; 
the fire is then removed, the 
crucible allowed to cool slowly, 
and then opened, when the 
p.,g_ g_ lump of gold is found at the 

bottom. 
This is the simplest and safest method ; it deserves pre- 
ference because, if foaming and frotliing should occur, no 
trace of metal can be lost. The little apparatus is also 
recommended for smelting silver residues. 

Photographic Paper Befliae : Filters. — This waste is 
incinerated, and the ash treated with dilute nitric acid. The 
liquid is then filtered, and the silver precipitated by copper. 
The ash may also be digested with strong hydrochloric acid 
free from nitric acid, and the washed and dried residue fused 
with its own weight of soda and about 10—15 per cent, of 
saltpetre. The metal obtained is then dissolved in nitric 
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acid, when a residue containing gold may remain. This 
residue is dissolved in aqua regia, the solution diluted and 
precipitated by green vitriol ; the gold obtained is washed, 
dried, and melted with saltpetre and borax. 

In regard to the method just given, in which the silver 
is separated by copper, it is to be observed that in the Frank- 
fort Gold and Silver Separating Works, the silver obtained 
in sulphuric acid solution is precipitated by iron instead of 
copper. The objections to this process are, the loss through 
the evolution of hydrogen, the simultaneous precipitation of 
copper, and the contamination of the silver by phosphorus, 
silica, etc., from the iron. The objections are, however, 
removed by allowing the silver sulphate solution, with the 
addition of water, to crystallise, and then reducing the 
crystals by scrap iron. The crystals are stirred with water, 
and iron gradually added, so that every trace of silver is 
precipitated, whilst copper remains in solution. The impuri- 
ties contained in the iron go into the slags produced when 
the silver is fused, so that the latter is obtained more pure 
than when copper is employed. The principal advantages 
of this method are — economy in acid, since the mother 
liquors from the crystals again go into the dissolving vessel ; 
avoidance of the purchase of copper, which is not well 
utilised as blue vitriol ; economy in steam, since the solution 
becomes very hot spontaneously. 



CHAPTER XVIII 

INDIAEUBBER AND CAOUTCHOUC WASTE 

Utilisation of the Waste. — According to Grote, in 
Muspratt's Chemie, Goodyear grinds the waste from vul- 
canised caoutchouc in a rag-engine, mixes with it pure 
caoutchouc similarly divided, passes the mixture between 
heated rollers in order to obtain thorough incorporation, 
then adds a quantity of sulphur corresponding to the pure 
caoutchouc, and afterwards proceeds as in the manufacture 
of vulcanised caoutchouc. 

Bacon disintegrates the waste of vulcanised or hardened 
caoutchouc or gutta-percha, then pours 10 kilos, of carbon 
bisulphide and 250 grms. of spirits of wine over 100 kilos, 
of the waste, and allows the whole to stand for two hours in 
closed vessels, when the mass will be found so soft that it can 
be ground and used again in the manufacture of new objects. 
The degree of softening can be regulated by the quantity 
of the carbon bisulphide mixture and the duration of the 
action. 

Parkes (according to Grote in Muspratt's Chemie) boils 
8-10 kilos, of the disintegrated waste in a strong solution 
of 20 kilos, of calcium chloride, until the gutta-percha or 
caoutchouc has become soft and two pieces can be readily 
united by kneading. The lumps taken out of the liquid are 
washed first in a hot alkaline liquor, then in hot water, after 
which, according to the statements of the patentee, they can 
again be worked up. 

Newton desulphurises caoutchouc waste by softening it 
in camphine (distilled turpentine) for two to fourteen days, 
according to the extent of the vulcanisation. If much sulphur 
was used in vulcanising, or if lead compounds are present, it 
oflferfi considerable resistance to the camphine. The treatment 

100 
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is in every case continued until the waste is well softened 
throughout, when it is heated in a still at 65— 71°C., adding 
camphine from time to time, so that the waste is always 
covered with liquid. It is convenient to add in this operation 
15—25 kilos, of ether and 5 per cent, of spirits of wine, and 
then continue the heating until the waste has regained its 
natural condition, for which one to two hours are requisite ; 
the whole is then dried at a gentle heat. The addition 
of spirits of wine prevents the residues from remaining 
sticky, and may be omitted if this is immaterial. The use 
of a still effects the recovery of the evaporated solvent. 

Later, Dodge recommended to disintegrate the waste as 
completely as possible and then expose it to a temperature of 
150° C. in a cylinder surrounded by another cylinder, steam 
being supplied to the space between, until it had become quite 
plastic, when it was mixed with fresh rubber mass, or to 25 
kilos, of waste, 100 grms. of palm oil, 170 grms. of sulphur, 
and I'o kilo, of white lead, zinc white, magnesia or clay may 
be added, and the whole well kneaded. 

A new and improved process for utilising the caoutchouc 
contained in the waste of caoutchouc goods, and for recovering 
the zinc present in them, is due to Burghardt, of Manchester, 
and has been patented in England. In this process the waste 
is thrown into a vessel of wood or lead, and covered with the 
requisite quantity of hydrochloric acid of a strength sufficient 
to destroy adherent cloth and fibres completely ; the mixture 
is then boiled until the caoutchouc is freed from all fibres. 
The solution contains zinc and calcium chlorides, and occa- 
sionally also lead chloride ; it is treated as described below. 
The vulcanised rubber is now brought into a vessel con- 
taining water, which is boiled until all the acid and zinc, 
calcium, or other chlorides are removed from the rubber. 
The caoutchouc thus purified is now dried, and mixed with 
sufficient spirit, coal-tar naphtha, wood-naphtha, petroleum, 
turpentine, carbon bisulphide, benzene, or other solvent for 
rubber, in a jacketed vessel of wood, copper, iron, or lead, 
the vessel closed, and the whole brought to a temperature 
of about 115°0. by means of steam, gas, or hot air, until 
the caoutchouc is dissolved or converted into a thick pasty 
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mass. When this is the case, the naphtha is distilled off 
(according to the Chemiker-Zeitung) at a temperature not 
exceeding 100° C. The above-mentioned solution is treated 
in a vessel with sodium bicarbonate, soda crystals, anhydrous 
sodium carbonate, ammonium carbonate, potassium carbonate, 
the carbonates of the alkaline earths, caustic soda, caustic 
lime or its solution, or caustic potash, in quantity sufficient to 
precipitate the zinc, calcium, or lead from their solutions. 
The precipitate is ground in a current of water, by which the 
calcium carbonate, which is specifically lighter than the zinc 
carbonate, is carried away. The zinc carbonate is either dried 
and sold as such, or dissolved in hydrochloric acid,sulphuric acid, 
etc., and sold as zinc chloride, sulphate, etc. The solution 
may also be concentrated to a suitable extent and used as a 
mordant for cotton. 

Ludwig Heyer, a rubber manufacturer of Berlin, applies 
the following method to the recovery of old vulcanised 
caoutchouc : — Old discarded buffer rings of railway waggons 
are heated in the presence of steam. The sulphur distils ofif, 
the caoutchouc melts and flows into hot water, where it collects 
at the bottom of the vessel. The steam prevents the material 
from burning. The melted caoutchouc has acquired essen- 
tially different properties ; it has become a tolerably fluid dark 
mass, which also remains liquid at the ordinary temperature, 
soon dries in the air, and has retained the property of being 
waterproof. On the other hand, it has lost the elasticity, at 
least in thick pieces. Heyer employs this fluid caoutchouc 
principally for preparing waterproof sheets for waggons, 
railway waggons, ships, etc. It may also be recommended 
as a waterproof varnish for ironwork. (Chemiker-Zeitung, 
1880.) 

Dankwerth and Kohler, of Petersburg, have patented a 
process for the treatment of old or perished caoutchouc, in order 
to obtain from it oils, varnish, and materials for mixing with 
caoutchouc and other substances. Old or perished caoutchouc 
is subjected to dry distillation in a retort by means of 
fire and superheated steam. Volatile constituents of the 
caoutchouc pass over, which, when condensed, form oils 
and a substance which has, after vulcanisation, to a great 
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extent the properties of natural caoutchouc. The lighter 
oils, distilling at 60- 105° C, are separated from the heavier 
oils. The former serve directly for the preparation of 
varnish, the latter are mixed with hempseed, linseed, or 
other vegetable oils, and then converted into boiled oil by 
boiling or chemical action. The mass still to be subjected 
to vulcanisation is intimately mixed by means of rollers, and 
then 7—20 per cent, of sulphur added. 

A very durable varnish frotn old rubber waste can be 
prepared for various purposes (Campe, Oel- tend Fettindustrie, 
1890; Nenste Erfindvmgen und Erfahrungen, 1890) by 
heating 2 kilos, of old rubber, 4 kilos, of colophony, 4 kilos, 
of boiled linseed oil, and 0'5 kilo, of sulphur in an iron pan 
until all are equally dissolved. When this is the case, whilst 
the liquid is still hot, 4 kilos, of rectified American spirits of 
turpentine are added, and then the liquid is diluted with 
about 10-12 kilos, of boiled linseed oil. The varnish may be 
coloured with earth pigments as desired, or left in its original 
state. When uncoloured, the varnish has a honey-yellow 
colour similar to a dark copal varnish. It is particularly re- 
commended for varnishing the lead roofs of bleaching-powder 
chambers ; its resistance to free chlorine has been tested 
for years. The varnish is very brilliant; when good boiled 
oil is used in its preparation, it dries within several days. 

Artificial caoutchouc is made in the following manner: 
— In an iron pan about 10 lb. of sulphur or flowers of 
sulphur are heated with 20 lb. of rape ojl, with constant 
stirring, until the sulphur is melted and a point is reached at 
which the mass swells up. At this instant the mass must be 
rapidly poured out, either into a mould dusted with any kind 
of flour, or on to stone plates wetted with water. The mass 
solidifies, and has similar properties to caoutchouc; it is 
soluble in linseed oil. The mass may also be prepared from 
linseed oil, but less sulphur must then be taken. The 
pan should only be half filled, otherwise the mass would 
boil over. 



CHAPTER XIX 

BY-PfiODUCTS IN THE MANUFACTUEE OF ROSIN OIL 

Recovery of Acetate of Lime from the Acetic Water 
of the Rosin Distillation {Die Harze und {hre Producte, 
G. Thenius. Vienna, Hartleben, 1895). — The acetic liquor 
is neutralised in large wooden vessels, when acetate of lime 
is formed, and a brown insoluble compound of lime with 
resinous matters separates at the surface and is removed. 
The clear liquid, obtained by filtering, is evaporated down to 
5° B., and then a strong solution of Glauber's salt added so 
long as a precipitate of sulphate of lime is formed. The whole 
of the acetate of lime is not, however, converted into sulphate 
of lime, accordingly the undecomposed remainder is precipitated 
as carbonate of lime by means of carbonate of soda. The 
liquid, freed from the precipitate by filtering, and now con- 
taining only sodium acetate and a little calcium sulphate in 
solution, is evaporated in shallow cast-iron pans to crystal- 
lisation ; the resinous matters which separate during the 
evaporation are removed. The crystallising-point is reached 
at 15°B., the liquid is then drawn off into the crystallising 
tubs, in which, after four days, it deposits the sodium 
acetate in large crystals, which are now once or twice 
recrystallised. 

The sodium acetate obtained is now fused in flat cast- 
iron pans. It first melts in its water of crystallisation, after 
the evaporation of which the salt again becomes solid; it 
must then be fused a second time at a higher temperature. 
The mass of salt then swells up, evolves oily vapours, and 
finally melts quietly ; it is next removed from the pan, 
dissolved whilst still hot, and the solution filtered. The 
filtrate is left to crystallise, the sodium acetate decomposed 
by strong sulphuric acid in an iron pan lined with lead, with 
a copper or lead head, and the acetic acid distilled over ; it 
is again rectified in a glass retort with a little pyrolusite. It 
must then be water-white, and free from foreign odour. 
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Preparation of Acetate of Iron from the Acetic Water 
of the Rosin Distillation. — The acid liquor obtained in the 
distillation of colophony is brought into barrels filled with 
small particles of iron— sheet-iron clippings, iron turnings 
and borings. In about eight to fourteen days the saturation 
of the acid is complete ; it is accelerated by frequently drawing 
off the liquid, so that the iron in the barrels may come in 
contact with the atmosphere, which hastens the oxidation. 
The dilute acid in the barrels is also kept at a temperature 
of 25-31° C. by frequently injecting steam. However, the 
saturation is not always complete in the barrels ; the solution 
is therefore drawn off, and heated to boiling in iron pans 
similarly filled with iron. The resinous matter which rises 
to the surface is skimmed off, and the process continued until 
the acid is completely saturated. The liquid is evaporated 
down to 10-15° B., and allowed to settle thoroughly before 
use. It forms a dark, blackish-green solution. Acetate of 
iron is extensively used in the cotton industry. 

Utilisation of Rosin Oil and the Residue of the Distil- 
lation in the Manufacture of Soot-Blacks. — Eosin oil gives, 
when burnt in special stoves, a very fine soot, highly prized 
by manufacturers of lithographic and printing inks. In order 
to obtain the black from rosin oil, the latter is allowed to 
flow from a separate tank through a narrow pipe, whence it 
falls upon a red-hot plate contained in the stove ; the oil is 
decomposed, the soot drawn into the depositing chambers, 
where it settles in various qualities. As soon as a certain 
quantity of oil has been burnt, and the stove, having stood 
for a sufficient time, is quite cold, the separate collecting 
chambers are opened, and the soot removed. The finest soot 
for lithographic purposes is always found in the last chamber, 
whilst a less fine black, used for letterpress inks, collects in 
the earlier chambers. The soot is graded by sieving. 

The residue of the distillation, containing much rosin, 
must be burnt in a special soot-stove ; it produces lower 
qualities of black, which are similar in value to the soot 
of ordinary flames. From the burnt residues the sodium 
carbonate may be regained by extracting, filtering, and 
evaporating. 
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WASTE WOOD 

The utilisation of waste wood is worthy of attention for 
two reasons. In the first place, from a purely technical 
point of view, through the production of more or less valu- 
able products from small and objectionable waste ; in the 
second place, from the economic point of view, since nothing 
should be lost, and material once introduced in the manu- 
facture must be worked up into new forms. 

Perhaps, in a certain sense, necessity was the cause of 
the endeavours to utilise wood waste, as, for example, was 
also the case with blast-furnace slags, which, by their immense 
accumulations, diminished the working spaces of the works to 
such an extent that the removal of these by-products became 
a question of life and existence for blast-furnaces. 

It is true that there is nothing to hinder the technical 
utilisation of waste wood, but, unfortunately, it is a hindrance 
that the waste is locally produced and must be utilised on the 
spot. Carriage of waste wood to any considerable distance 
renders its conversion into new products quite unprofitable. 

In districts where waste wood is produced in large 
quantity and — what is very important — regularly, its utilisa- 
tion is very profitable, especially when, by the development 
of special processes, products can be obtained which possess 
the natural good qualities of the wood, and also valuable 
qualities artificially added. On the ground of many years* 
experience, the author is strictly of the opinion that valuable 
imitations and complete substitutes can only be obtained by 
using the less valuable waste of the original substance. 
Imitations of, and substitutes for, leather can practically only 
be obtained by suitable treatment of waste leather ; imitations 
of, and substitutes for, wood can only be produced from wood 
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waste. The industries which produce imitations and substi- 
tutes should abide by this principle ; they would then be 
spared many disappointments, and we should read fewer 
patent specifications, of which it can at once be said that 
they are practically worthless. 

Waste wood may be utilised in a variety of ways, but 
it would be unjust to designate all as equally good. Neither 
in execution nor in profit are they of equal value. 

In regard to the appliances employed in utilising waste 
wood, it appears to be very difl&cult to give any accurate and 
particular statement, since the manner of working and the 
products obtained are too varied. Generally speaking, it will 
be sufficient to say that the necessary appliances are similar 
to those used in producing plastic masses, — mixing and 
kneading machines, moulds and presses. 

If it be intended to consider seriously the manufacture of 
products from waste wood, it is first necessary to obtain clear 
ideas on certain points. The first question is always, as we 
have already remarked, Is there a certainty of a sufficient, 
reliable, and lasting supply of suitable waste wood ? This 
question favourably answered, and the raw material thus 
secured in a sufficient and permanent supply, there comes the 
second question : Does the existing or main business possess 
any of the appliances or certain of the necessary conditions 
for the manufacture of certain products from waste wood ? 
This question appears very important ; it affects the question 
of profit. The last question to be raised is, Does the article 
which is to be made meet an actual need, and do time and 
circumstances appear so disposed that an abundant sale of 
the article is to be expected, so far as human estimates go, as 
the sum of the deliberations, comparisons, and experiences of 
the manufacturer and others ? 

These questions must first be drawn up, weighed, and 
answered. The more thoroughly and practically they are 
examined, and the more precisely the answers are drawn up, 
the more solid is the foundation for the manufacture and the 
better prospects has the intended process. 

Special instructions for answering the first two questions 
cannot be given, because they are of a personal or local nature. 
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Hints may be given in regard to the answer to the last 
question, which will make possible a rapid and practical 
survey and a course of action. 

The wood waste which is most important is sawdust^ both 
on account of the quantity and frequence of its production. 
It is to-day utilised on a large scale. The most obvious and 
simplest method of use is as fuel, which has been before 
proposed, but was at first unsuccessful on account of the lack 
of suitable apparatus. Now, however, these dilficulties have 
been completely removed by a rational construction of fur- 
naces and grates, which enable fuels in powder or dust to be 
used without difficulty. 

Another attempt, the first to touch on a real branch of 
manufacture, was to prepare artificial wood from sawdust. 
The binding medium used for the sawdust was glue solu- 
tion and water-glass, also colophony, blood, and glue with 
potassium bichromate. The best binding medium for saw- 
dust is glue, to which bichromate of potash is added in order 
to make the compound waterproof. On exposure to light, 
chrome glue, insoluble in water, is formed. The glue solu- 
tion is prepared from five parts of good pale glue and one 
part of isinglass by softening, slow heating with water, and 
careful filtering. The quantity of water is decided by the 
nature of the glue ; it ought not to be too small, but such 
that the liquid does not form a jelly on cooling, but only just 
begins to set. Moulds of metal, gypsum, or sulphur, after 
thoroughly oiling — or even of wood, if previously varnished 
with a spirit shellac varnish, — may be used for shaping the 
wood mass mixed with glue. A thin layer of the mass may 
be first applied, pressed well into the mould with the fingers, 
then the remaining space filled with mass prepared from 
coarser sawdust, the surface covered by a large plate, and 
weighted. Before taking out, which is easily done as soon 
as the mass is somewhat dry and coherent, the superfluous 
matter is cut off with a broad, thin knife, and the under 
surface of the relief thus made level. The articles may then 
be varnished or gilded, and treated just as ornaments cut out 
of wood. 

The wood paste prepared by the method of Kletzinsky is 
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very well worth attention: 160 parts of sawdust — best from 
soft woods — are well boiled in a solution of 100 parts of 
sulphate of alumina in the necessary quantity of water, and 
then allowed to cool; 50 parts of glue are dissolved at the 
boiling-point in 100 parts of water. The glue solution 
is well mixed with the sawdust paste ; the mixture is 
kneaded, rolled in press sheets, and pressed under a very 
• powerful pressure. The pressed material, which is at first 
very brittle, on gradual drying in the air acquires a surprising 
degree of hardness. When sufficiently firm, it is moistened 
from three to five times with a dilute solution of potassium 
carbonate in water, after which it is finally dried. In this 
manner the separate particles of wood become united by a 
kind of alum -tanned glue, which is no longer soluble in 
water, and is of horny hardness. Any desired colouring 
matter may be added to the alumina mordant, and also 
ground dyewoods, in order to obtain coloured wood pastes. 
By adding coarse mixtures of wood meals of different colours 
beautiful mosaic plates for parquetry may be produced. 

The property of sawdust to conduct heat badly has 
naturally been utilised. It has been recommended for lining 
ice safes, and is now used for this purpose. There is, how- 
ever, no doubt that in this respect it leaves much to be 
desired, apart from the fact that a regular supply depends on 
local conditions, and that it is far from being the worst con- 
ductor of heat. {Of, Infusorial Earth.) 

Sawdust is used for burning black clay pipes, A layer of 
sawdust and a layer of pipes, 300-500 in number, according 
to size, are placed in a large muffle. The muffle is then 
luted up, brought into the furnace, which is built up, with 
the exception of the firing doors. The sawdust is carbonised 
by exposure to a red heat for 10-12 hours, and colours the 
pipes black. The pipes are next, in numbers of 20-50, 
placed on a round sieve with an equal number of holes, kept 
over a straw fire, when they become intensely black ; they are 
finally polished by means of wax and a stiff brush. 

Among the further processes in which wood waste is 
used is the manufacture of oxalic acid. In this case the 
operation is conducted on a large scale, and requires, besides 



110 THE UTILISATION OF WASTE PRODUCTS 

some chemico-technical knowledge, also suitable appliances, 
so that it appears advisable to introduce this application of 
sawdust only where a suitable manufacture already exists, to 
which that of oxalic acid might be added. In view of the 
many applications of oxalic acid and its salts, there is no 
doubt of the demand. 

The process is commenced by preparing the lyes. Potash 
and soda are mixed in such quantities that, after causticising, 
the proportion of the potassium hydroxide to the sodium 
hydroxide may be as 40 : 60. ' The mixture of the two salts 
is dissolved in about eight times the quantity of water, and 
made caustic by boiling in an iron pan with slaked lime. 
After deposition of the calcium carbonate here produced, the 
lye is drawn off into another iron pan, in which it is evap- 
orated to a specific gravity of 1'3~1*4. The sawdust, which 
is to be used, must be freed from large pieces of wood by 
sieving ; it is then mixed with such a quantity of the caustic 
lye that there are two parts by weight of alkali to one part 
of sawdust. Since it is important that the whole mass of the 
wood should be uniformly saturated by the alkali, the concen- 
tration of the latter is arranged so that, after sufficient mixing, 
the whole of the liquid has been sucked up by the sawdust. 
The mass is then at once brought into the vessel in which the 
heating is to take place. 

The yield of oxalic acid is the largest when the mass is 
spread out in thin layers ; thus it is best to use for the heat- 
ing very shallow dishes of about 2 metres (6 feet 6 inches) 
diameter, with rims about 5 cm. (2 inches) high, in which the 
mass is spread out to a depth of 1^-2 cm. (0*6-0*8 inches). 
It is continuously turned over by a stirrer, which at each 
revolution lifts the mass from the dish, and allows it to fall 
back. 

It is of the greatest importance that the temperature of 
the whole mass should be brought to 240° C, but should not 
exceed this limit. It therefore appears to be advisable to 
heat the pans, not by direct fire, but by the hot gases drawn 
off from the fire. This condition is attained by connecting a 
fire grate by flues with a low chamber, the roof of which is 
formed by the pans ; in each flue is a damper, of careful 
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construction, which renders it possible to regulate the admission 
of the fire gases or to cut them off altogether. By using an 
arrangement of this description, it is not difi&cult to keep the 
temperature of the mass within the desired limits. The saw- 
dust, saturated with lye, is brought into the pan by means of 
flat shovels, spread out, the stirrer put in motion, and at the 
same time the pans heated by opening the dampers. At first 
there is only the evaporation of water, the mass turns con- 
tinually darker, until it becomes deep brown, and at the same 
time a peculiar smell begins to be evolved. When the tem- 
perature reaches about 180° C. the mass begins to turn pale 
again, and acquires a greenish-yellow colour. The temperature 
is now very gradually increased to 240° C, at which the 
mass is kept until particles of wood can no longer be seen 
in a sample withdrawn. The dampers are then closed, the 
melted mass removed with flat shovels and allowed 40 cool, 
or, what is better, at once treated further whilst still hot. 

In the latter case the melt is thrown into a pan containing 
hot water ; it rapidly dissolves, and heats the water almost to 
boiling. The heating is then continued until the concentra- 
tion of the liquor is 38° B., when it is run out into small 
crystallising vessels, in which, during the rapid cooling, nearly 
all the sodium oxalate separates, so that only very little of 
this little soluble salt remains dissolved in the liquid, together 
with potassium carbonate, caustic soda and potash, and humus 
compounds. In order "to free the crystals of sodium oxalate 
from the mother liquor, they are brought into a high tub 
with a false bottom, where the mother liquor drains oflf, and 
the remainder is then displaced by water. The mother liquors 
are evaporated to dryness, the residue freed from the humus 
compounds by roasting in the air, and the residual mixture 
of sodium and potassium carbonates again causticised. 

In order that the soda united to the oxalic acid may be 
again immediately used in the form of caustic soda for the 
treatment of new quantities of wood, the sodium oxalate is 
treated in the following manner : — It is dissolved in a very 
little boiling water in a vessel heated by steam, and then thin 
milk of lime run into the hot solution, which is kept in con- 
stant motion by means of a stirrer, until the decomposition 
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is complete, i.e. until insoluble oxalate of lime and soluble 
caustic soda have been formed. The quantity of lime 
to be employed is calculated from the weight of sodium 
oxalate taken ; since, however, both substances are not quite 
pure, the calculated quantity of lime does not agree with that 
really used. It is, however, important to bring no excess of 
lime into the precipitate, since otherwise in a later operation 
a larger quantity of sulphuric acid would be required than is 
needed to decompose the oxalate of lime. The precaution is 
therefore taken, after the greater part of the lime has been 
introduced, of taking repeated samples, which are filtered, 
acidified, and calcium chloride added ; so long as a turbidity 
is produced, undecomposed sodium oxalate is still present. 

The milky liquid is then run from the decomposing vessel 
into another, where it is allowed to settle, and the clear 
caustic soda solution drawn off from the precipitate. The 
latter is washed with water, and the first wash water, which 
still contains much caustic soda in solution, is added to the 
caustic solution ; the further washings are, however, used to 
dissolve new quantities of *the crude melt. The oxalate of 
lime, when sufficiently washed, is brought into a tank lined 
with lead, stirred to a paste with water, and then with the 
calculated quantity of sulphuric acid previously diluted down to 
15-20'' B. The quantity of the sulphuric acid is equivalent 
to that of the lime used in the decomposition ; when two 
parts of sulphuric acid are used to one part of lime, the 
sulphuric acid preponderates, and there is obtained a solution 
of oxalic acid containing free sulphuric acid. However, it is 
advisable to work in this manner, since the excess of acid 
accelerates the decomposition of the oxalate of lime, and the 
sulphuric acid is utilised again in a later operation. 

In order to hasten the decomposition of the oxalate of 
lime, steam is continuously introduced through a narrow lead 
pipe, which reaches to the bottom of the decomposing vessel. 
The solid compound is thus kept always suspended in the 
liquid ; the heating also assists the decomposition. After 
the addition of the whole of the sulphuric acid, the liquid is 
allowed to rest, the solution of oxalic acid drawn off after the 
deposition of the gypsum, and the latter washed with water 
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in a lead funnel lined with linen, the first washings being 
added to the oxalic acid solution ; the remainder are used in 
place of pure water to mix with the oxalate of lime in a fresh 
decomposition. The residual gypsum is an excellent fertiliser 
for clover, but may, since it is very pure, be dehydrated and 
utilised as plaster of Paris. 

The solution of the oxalic acid is concentrated in a shallow 
lead pan, standing on a sand-bath, which is heated by an open 
fire, or better, by steam, until, in the summer, it is 15° B., in 
the winter, 10°B. It is then cooled to the ordinary tem- 
perature, when the dissolved gypsum separates in crystals. 
The liquid poured away from the gypsum is then further 
evaporated to 30° B., and set to crystallise in shallow lead 
vessels. 

The mother liquors, separated from the crystals, contain 
the excess of sulphuric acid in addition to the oxalic acid ; the 
sulphuric acid is estimated, and the liquors added in the next 
decomposition of oxalate of lime, the amount of sulphuric acid 
added being decreased by the corresponding quantity. 

The oxalic acid crystals are washed with cold water to 
remove adherent mother liquor, and are then purified by 
solution in boiling water and rapid cooling, so that only small 
crystals may form. The compound is then sufficiently pure 
for commercial purposes; it contains a very small quantity of 
sulphuric acid, and an equally small quantity of oxalate of 
soda or potash. 

In a certain sense artificial vanillin is a product obtained 
from waste matters. In the year 1861, T. Hartig found a 
crystalline substance in the cambial sap of the coniferse, 
which he termed " laricin," but later, after he had ascer- 
tained its presence in the majority of coniferous trees, 
" coniferin." It is obtained in the following manner : — Pines, 
firs, larches, felled between the middle of May and the middle 
of July, are gradually stripped of their bark and bast layers ; 
the young wood fibres, swollen with sap, are scraped off* by 
means of pieces of glass from the hard woody layers, and 
collected in vessels beneath. The scraped-off" material is at 
Once separated from the sap by fine press cloths, and the 
sap immediately boiled. The coagulated albumin and the 
8 
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solid substances it encloses (cell nuclei, starch grains) remain 
behind on filtering through paper, whilst a clear filtrate is 
obtained*, which, when carefully evaporated to about one-fifth 
of the original volume, separates the cambial sugar, and also 
the coniferin in crystalline form. By treatment with cold 
water, the difficultly soluble coniferin is separated from the 
sugar, it then crystallises in white needles, generally united 
to rosettes, which give a deep violet coloration with strong 
sulphuric acid. 

Dr. Haarmann, of Holzminden, has given a similar account 
of the preparation of artificial vanillin in Post's Zeiis, fur d, 
chem. Grossgew. The raw material for the preparation of 
artificial vanillin, says Haarmann, is coniferin, a glucoside 
contained in the cambial sap of coniferous trees. It is 
obtained in the districts where the trees are felled during 
the sap period — Thiiringia, the Baden and Wurtemburg 
Black Forest. The coniferae — red and white firs — are barked, 
the sap lying below the bai»k, together with part of the 
bast, scraped off by means of a piece of glass or a knife, and 
collected in a vessel. The sap is filtered from the bast as 
rapidly as possible and boiled, since it readily ferments, and 
then completely decomposes. The liquid is then separated 
from the coagulated albumin, evaporated down to one-fifth 
its volume, and set aside to crystallise. After a short time 
the crystals produced are pressed to remove the mother 
liquor; 100 litres of the sap, which is very difficult to obtain, 
produce 0*5—1 kilo, of coniferin. The coniferin is then 
treated with oxidising agents (sulphuric acid and potassium 
bichromate), and the vanillin either distilled in steam or 
extracted by ether. In order to separate the vanillic acid 
produced, the substance is subjected to purification by sodium 
bisulphite solution and then recrystallised. After this opera- 
tion, vanillin forms an almost white crystalline powder, which 
melts at 80-81° C. Twenty grms. of vanillin are equivalent to 
I kilo, of the best vanilla, since the latter contains an average 
of 2 per cent, of this compound. 

The manufacture of pjrroligneous acid from sawdust 
may be applied in all cases where the production of acetic acid 
from alcohol is not profitable. One hundred kilos, of sawdust 
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give 45-54 litres of a liquid, which contains 4 per cent, of 
acetic acid, and also 6-8 litres of tar. 

The dry distillation of sawdust begins at a temperature 
of 100-130° C, and at first only water comes over, the 
quantity of which naturally depends on the more or less 
moist condition of the sawdust. According as it has been 
kept in the open or in closed rooms, it will contain a larger 
or smaller quantity of moisture, which influences the quantity 
of water distilling over, and also the consumption of fuel, 
which materially depends on the quantity of water. It is 
therefore advisable, when possible, to give the sawdust a 
preliminary drying, and then, when well dried, to bring it 
into the distilling apparatus. The temperature rises from 
145— 500° C; the products of distillation are water, pyro- 
ligneous acid, wood spirit and tar, also various gaseous 
substances, whilst charcoal remains. The acid products form 
the chief quantity when the temperature is rapidly raised ; 
they must be rapidly removed if they are not to undergo 
a further decomposition. 

The applicoiion of sawdust as an addition to cement y in 
order to prevent the formation of small cracks, is technically 
interesting. The sawdust is well dried, then sieved in an 
ordinary sieve so that only the small woolly flocks are used. 
The mortar is mixed from one part of cement, two parts 
of lime, two parts of sawdust, and three parts of sharp sand. 
The sawdust is first mixed dry with the cement and sand, 
and the lime then added. 

Wood waste finds another application in the manufacture 
of casks. The outer skin of the stems, removed when the tree 
is sawn up, is cut up by an ordinary circular saw into lengths 
equal to the length of the staves required. These lengths 
are now cut up into proper widths by means of a circular 
saw with two to three blades, which can rapidly and easily 
be put in motion. The wood is fed to the saw by means of 
rollers with deep grooves and running in elastic bearings. The 
pieces now come to a circular saw with a vertical spindle 
and horizontal roller feed, by which they are cut to shape. 
The saw blade has a diameter of 23—24 inches. In the 
middle of the spindle above the table is a guide, to right 
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and left of which, in front of the saw, and thus diagonally 
opposite, are grooved rollers in elastic bearings. By means 
of this arrangement two pieces can simultaneously be cut to 
different thicknesses. The staves now go to a trimming and 
slitting machine, in which they are cut into exact lengths 
and bevelled towards the inside, and the slits cut for the 
reception of the ends. This machine has a shaft upon which 
the slit-cutting tool runs, and two other shafts upon which 
run the circular saws which trim the staves. The saws and 
tools can be fixed at diflPerent distances apart to allow for 
varying lengths of the staves. 

The staves are fed in by hand, each being laid with its hinder 
end against a guide, which can be moved backwards and forwards. 
The pieces of wood after this treatment, come to the jointing 
machine, in which the staves are carried in a segment-shaped 
guide over a slit below which is a small stout circular saw. 
The staves receive in this machine an accurate joint, which 
makes subsequent working by hand unnecessary, and enables 
the body of the cask to be at once built up. For the sake 
of easier carriage, which is important, the casks are tied up 
in a bundle. The ends of the casks are cut from smaller 
waste pieces in a similar manner to the staves. For this 
purpose wood is used which, by its structure, is unsuitable 
for staves. The separate pieces are pegged together, and 
finished on a machine which cuts out the round end. All 
the machinery may be tended by youths. With one set of 
machines several hundred casks can readily be made in a 
day. The sale of these casks, made from outer skins of trees 
and waste pieces, should be almost without limit ; cement 
makers, millers, nail makers, and fruit dealers in particular 
buy them readily. 

The application of the waste of saw-works in manu- 
facturing parquetry must not be overlooked. Parquetry 
sheets are made in sizes of 59 cm. and 64 cm. square 
(24 and 26 inches square). The foundations for inlaid 
parquetry are made by gluing together strips of wood 
somewhat shorter than the dimensions of the sheet, cutting 
these glued pieces into the right length, grooving at the 
ends, and finally grooving and tonguing. In Russia, another 
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method is adopted ; the foundations are made from a frame 
with two middle pieces and four panels. The frames are 
so morticed and tenoned that each piece has a mortice at 
one end and a tenon at the other. The four panels are 
grooved and tongued into the frames and the cross pieces, 
only the tenons being glued of the whole work. The panels 
are inserted so that the grain of the wood may run in one 
at right angles to the direction in the other. By this arrange- 
ment warping is made impossible and shrinkage is reduced 
to a minimum, since only the two parallel frame pieces in 
a total width of at most 25 cm. (10 inches), under the most 
unfavourable conditions of temperature, can swell or dry to 
a small extent. All wood waste may be used in making 
these foundations, since the panels have at most a length 
of 20 cm. (8 inches). These parquetry foundations can 
easily be made by means of a few circular saws and a very 
simple boring machine for making the holes. 

Sawdust for the Production of Stoppers. — F. Koeller, 
of Neulengbach, in Lower Austria, has obtained a patent for 
a method of making stoppers from sawdust. The sawdust 
is rolled round a round wooden rod : the sawdust is made to 
adhere to the surface of the rod by means of some binding 
medium such as rosin or indiarubber cement. The rod 
has the same length as the layer of sawdust; it furnishes 
a safe hold for the corkscrew in removing the stopper from 
the neck of the bottle. Finally the stoppers are dipped to 
half their depth in pure melted parafl&n, and are then ready 
for use. 

Finally the manufacture of briquettes fi:om sawdust is 
to be mentioned. Molasses is recommended as an excellent 
binding medium for the production of briquettes from saw- 
dust. The latter is moistened with the dilute molasses, the 
whole intimately mixed, then brought into cylindrical, brick, 
or other shape by means of suitable presses, and dried. 
Colophony and tar may also be mentioned as binding agents. 
The prospects for the success of the manufacture of briquettes 
naturally depend, in the first place, on local conditions, 
especially on the regular supply of the waste material 



CHAPTER XXI 

WASTE HOEN 

Utilisation of Turnings and Filings. — The waste 
materials are mixed with a saturated solution of potash and 
lime, by which the horn substance is attacked and finally 
transformed into the condition of a jelly, in which state, by 
the application of a gentle heat, it may be cast into moulds 
and pressed, when the mass loses moisture and becomes hard 
and coherent. A final pressing, under the influence of heat, 
gives the moulded mass its final form ; it may then be 
worked up into the most varied articles — pipes, cigarette- 
holders, stick handles, buttons, etc. 

Horn waste may also be utilised in the following manner : 
— The turnings, raspings, and filings are moistened and 
pressed into a cylindrical metal mould by a metal piston to a 
solid cake, heat being applied. The mass is then rasped to 
a fine powder, which is again pressed in the same manner ; 
the operation is repeated until the mass has acquired a 
sufficient degree of hardness and solidity. Finally, it is again 
rasped and carefully sieved, so that all the coarser particles 
are removed. As a rule, horn and tortoise-shell waste are 
worked up together ; the articles are then less brittle than 
when made from tortoise-shell alone. From the fine powder 
the finished substance is obtained as follows : — The powder is 
brought in layers between brass plates ; several such layers 
are placed under the press, and this brought into boiling 
water, when the mass becomes hard and coherent. The 
plates are then further worked. Finished objects may also 
be pressed out of this mass, if the necessary moulds are 
provided. 

Horn filings may be brought by the following process 
into such a condition that, from the mass, stick and umbrella 
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handles and many other articles may be made by casting in 
moulds. One kilo, of quicklime, 500 grms. of potash, 40 grms. 
of tartar, and 30 grms. of common salt are dissolved in water, 
and then one-third of the quantity of water evaporated off. 
The rasped horn or turnings is then thrown in and boiled, 
until the mass becomes so thick that it can be poured into 
a mould, which must be well oiled, whether it be of metal, 
wood, or earthenware. If it is desired to colour the horn, 
the necessary colour is stirred into the fluid mass before 
casting. 

The waste horn may also be boiled in a strong lye of 
potash and lime, until the mixture is thick enough to be 
poured out And moulded ; before casting, a colouring addition 
may be given. 

In order to obtain solid horn from waste, Pathe lays it 
for an hour in a liquid consisting of a cold saturated solution 
of boric acid in water, and a cold saturated solution of 
arsenious acid In dilute hydrochloric acid; the quantity of 
boric acid should be twice that of the arsenious acid. The 
vessel containing the horn substance, swollen by this treat- 
ment, is then placed for an hour in a water-bath at about 
60"* C. Finally, the horn substance is subjected to consider- 
able pressure by means of a piston in a closed iron mould, 
heated to 120** C, until all the liquid is removed. After 
cooling, the pressed mass forms solid plates of horn, which 
can be worked like natural horn, and are characterised by 
pliability and elasticity. 



CHAPTER XXII 

INFUSORIAL EARTH 

Utilisation in the Manufacture of Ultramarine. — The 

application in the manufacture of ultramarine was the first 
introduction of infusorial earth in industry. In making 
ultramarine rich in silica, infusorial earth was added to pure 
clay, in place of quartz sand. It is certain that it has been 
much used for this purpose in recent times. Infusorial earth 
is a very had conductor of heat ; it is accordingly used for filling 
the insulating spaces of ice-cellars ; similarly it is an excelling 
filling material for safes and ice-boxes. It is especially to be 
recommended for cleaning glass plates for photographic pur- 
poses. Even very greasy glass plates rapidly become clean 
when rubbed with infusorial earth moistened with water. 
Also, when it is required to use acids, alkalis, and solvents 
for cleaning purposes, they may, in a certain sense, be used in 
the solid form, when mixed with infusorial earth, which is able 
to take up more than double its weight of liquid without 
running. Infusorial earth is a very valuable material for 
glass-making, since it accelerates the formation of the glass 
by readily mixing, on account of its fine state of division, with 
the other materials. Similarly, infusorial earth is an excel- 
lent grinding material for hollow glassware. 

In preparing water-glass, 74*5 parts of calcined soda 
are dissolved in five times the quantity of boiling water, 42*5 
parts of slaked lime added, and the mixture kept at the boil 
until a small portion of the liquid, when mixed with an acid, 
no longer effervesces. After the deposition of the chalk, the 
clear liquid is syphoned off, the chalk again boiled with 
water, the two liquids united and evaporated down to a 
specific gravity of 1'15. To the boiling liquid 120 parts of 
finely powdered infusorial earth are gradually added; after 
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this has dissolved, 3 litres of lime water are added. 
There is then produced a brown precipitate, which removes 
from the solution the organic matter contained in the infu- 
sorial earth. The liquid poured off from the precipitate, 
after it has been evaporated to a syrupy consistency, solidifies 
on cooling to a yellowish jelly, which dries completely in the 
air, and readily dissolves in hot water. 120 parts of infu- 
sorial earth produce 240-250 parts of a jelly, which contains 
47 parts of anhydrous soda water-glass and 53 parts of 
water. 

. Infusorial earth finds a further application in the manu- 
facture of light bricks; 24 parts of Llineberg infusorial earth, 
with 1 part of fat clay, give a mass which works well. The 
infusorial earth, which has generally too little binding power, 
requires an addition of binding clay, with which the very fine 
earth can be mixed only by a very careful process of mixing 
up together with water ; also the temperature of the porce- 
lain kiln, which is rarely reached in a brick kiln, is required 
for burning. 



CHAPTER XXIII 

lEIDIUM FEOM GOLDSMITHS' SWEEPINGS 

D*Hennin removes the iridium from goldsmiths' sweepings 
containing that metal (according to Dingier s Journ,) by fusing 
12*5 parts with 3 parts of sodium arsenate, 18 parts of black 
flux, and 20 parts of ordinary flux — borax, tartar, charcoal, 
and litharge — and separating the lead regulus containing the 
gold and silver from the upper layers of iron-grey lumps con- 
sisting of iron, iridium, and arsenic. In France (according to 
Muspratt) large quantities of this refuse are worked up ; they 
come from America, principally from Californian gold, which 
often contains osmiridium. By repeatedly melting gold alloyed 
with copper, according to Wilson, the osmiridium separates 
almost completely. According to Dubois, the Californian 
gold is melted with three parts of silver, when the osmiridium 
deposits from the alloy, which has a specific gravity of 
12-13. 



122 



CHAPTER XXIV 

JUTE WASTE 

Treatment. — The softening, beating, and carding machines 
are used in treating jute waste (E. Pfuhl, Dingier s Journ., 
222, p. 573). 

1. Jute Cord and Fabric, — Both are collected and go into 
the store as the first waste product. The latter is used for 
packing purposes. The former is first unknotted by hand- 
labour outside the factory, then untwisted or unravelled, and 
cut into lengths of about a yard, which are laid parallel to 
one another, made up into bundles of about 45 lb., and 
tied together. A large number of these bundles go into the 
softening house, where they are sprinkled with water and fish 
oil, allowed to lie in layers, and then taken to the breaker card. 
The jute cord is treated either alone or mixed with other jute. 

2. The root ends, which have been cut off, are worked up 
in the same manner as the cord into the lowest yarn numbers, 
and are spread out on the feeding-table of the corresponding 
breaker card. Other waste, which is formed at times, is, 
instead, taken to the finisher card, which treats the corre- 
sponding qualities. In order that markedly different slivers 
may not be produced by too rapid supply, these tow slivers 
must be introduced slowly and as thin as possible over the 
feeding rollers. The moment of passing the rollers is the 
best for adding faulty slivers. 

3. (a) Carding Tow. — In the first place, the shorter strips 
of fibre are sorted out by hand, and again subjected to the 
carding operation, after which they are given a beating or 
shaking treatment. The lower qualities of this tow are sepa- 
rately collected and stored in suitable places in the open ; 
they are removed by cartloads for manure. The better 
qualities are compressed in box-presses to bales weighing 
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2-4 cwt., which are tied up and sold to paper or pasteboard 
makers. 

(b) Spinning Tow is not subjected to a special treatment ; 
either alone or mixed in the shaking machine with the breaker 
tow, it is pressed into bal§s, packed, and sold to papermakers. 

(c) Roving Tow can be readily introduced into the spin- 
ning process. It is either placed on the cloth of the breaker 
card together with long jute, or, better, is passed through the 
softening machine, and then taken to the finisher card for 
further treatment, for which purpose this machine must be 
supplied with a feed -table ; the fibres then remain longer. 
The roving tow should, however, never be added for re-treat- 
ment to medium or better qualities. 

{d) Good Tow from the Fine-spinning. — The dropped 
threads of the rovings are sorted, mixed with the roving tow, 
and spun together with it. A second sorting of the tow then 
takes place in the softening house, after which it is sent once 
through the softening machine and then over the tow-carder, 
when a loose and very soft cleaning material is obtained, 
which is packed in sacks, or, better, compressed into bales, 
and sold to railway workshops, etc. This tow is not suitable 
for spinning. 

(e) Clean Thread Waste. — This is sent once or twice 
through the softening machine, when it also gives a very fine 
clean cleaning material, whicli, however, is somewhat less soft 
than the preceding substance. The waste, after this treat- 
ment, is often used for stuffing ordinary mattresses, sofas, etc., 
in place of flax tow, in comparison with which it has the 
advantages of cleanness and purity, but has, however, the smell 
of fish oil. 

(/) Ordinary Sweepings. — After sweeping together, any 
good waste, such as sliver, roving tow, etc., is sorted out; 
then follows the search for oily cleaning waste, which, since 
the presence of oil is regarded as producing danger of fire, is 
sent to light the fires in the boilerhouse, than which no better 
utilisation can be found. The remainder is either at once 
mixed with the beaten ordinary carding-tow, or is previously 
beaten, when any better fibres remaining in the machine are 
united with the tow from the breaker card. 
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The tow-cleaning machines may be divided, according to 
the nature of the beating apparatus, into — (a) simple beating 
or shaking machines, (&) conical shaking machines, and (c) 
double shaking machines. Of these three machines, the most 
practical are the first and last. 

Simple Beating or Shaking Machine. — In a cylindrical 
vessel, the upper half of which is a tight casing with a door 
for admitting and removing the material, and the lower half 
a grating of laths, moves a horizontal shaft provided with 
fast and loose pulleys. On the shaft are fixed six series of 
round iron rods as beaters. As the shaft rotates, the beaters 
move between two other series of fixed rods. The side walls 
of the machine are well boarded, so that the dust-chamber is 
formed under the grating. After the waste (carding tow) 
has been introduced through the above-mentioned door, and 
distributed throughout the machine, the door is closed, the 
shaft set in motion, and the beating continued for ten to 
fifteen minutes. The shaft with the beaters is tlien removed, 
and the machine emptied of the cleansed waste through the 
door. The dust, sand, bast particles, etc., beaten out, fall 
through the grate into the dust-chamber. They are most 
readily and conveniently removed from the workroom if the 
machine is erected over a brickwork pit, connected by means 
of a passage with a special dust-shed in the open. If the 
drainage conditions do not permit such a pit and connection 
with a shed, the shaking machine must be erected at a greater 
elevation, and a large box running on wheels brought under 
the dust-chamber, in which the ordinary refuse shaken out 
can collect. If the dust-chamber is connected with a fan 
which carries away the lighter dust to deposit it in a suitable 
position, it is still necessary to catch the heavy particles 
separately. The beater -shaft generally makes 260—280 
revolutions per minute. 

Double Beating Machine. — Two horizontal shafts, each 
with six series of iron beaters, are so arranged in a cylin- 
drical casing that the rods of one move through the spaces 
between the rods of the other. The casing also here consists 
of an upper tight cover and a grating below. The beaters in 
addition strike through another series of rods. The charging 
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opening is closed by a counterpoised door during use. The 
dust-chamber communicates either with a pit or with a 
closed box ; a fan may also be used. The feed is fixed in the 
upper part of the cover ; it consists of an endless cloth, a 
small loose roller, and a roller, studded with needles, moving 
at a high speed, — both in a tight-fitting casing. The needle 
roller is designed to introduce the material, as far as possible, 
into the beater in an unravelled and divided state. A certain 
quantity of waste is brought into the machine, and the feed 
set in motion. In a few minutes the door is opened, so that 
the cleaned material might be thrown out and caught in a 
box placed for it. The door is then closed, and a fresh 
quantity introduced. This repeated change can readily be 
worked automatically by suitable mechanism. 

The Tow Carding Machine or Teaser Card. — A rota- 
ting drum, to which tlie material is brought by the feeding 
apron and grooved' rollers, is surrounded on the upper half by 
three pairs of turning and squeezing rollers working together. 
These rollers treat the material in the known manner ; it 
then goes to the delivery roller, from which it is drawn off 
by smooth rollers as a coherent fleece and carried on to the 
delivery apron. The machine is therefore a semi-circular 
card with an upper working half. In order to prevent the 
production of dust, the rollers are all protected by a sheet- 
iron cover. The diameter of the drum is generally 3-4 feet ; 
it is about the same length, and runs at 100-120 revolutions 
per minute. The rollers move at various velocities, which 
have to be adjusted to the needs of the moment. The ratio 
of the velocity of feed to that of delivery should be at the 
most 1:15. 



CHAPTER XXV 

CORK WASTE 

Utilisation of the Waste of Cork - Cutting. — The 

waste is either at once used for stuflBng mattresses, for 
upholstery, or ships* fenders ; or it is sorted, the adhering bark 
removed and applied to the same purposes ; or it is brought 
into powders of varying degrees of fineness (the chief use). 
The waste is first, by hand labour — at a low price — and 
sharp knives, freed from the outer rough and dark layer of 
the bark, then cut into sheets of different thicknesses, and 
finally into cubes of different dimensions. 

The waste is also treated by filing or rasping, by which 
means a more or less fine dust is produced. It is easily 
comprehensible that the increasing fineness of the cork dust 
considerably increases its price. 

The woody portions of the waste, as well as the peculiar 
hard, sandy powder found in the cork, are partly separated 
by picking, partly by sieving, so that the remainder is, as 
far as possible, free from these impurities. Special machines 
are used for grinding cork waste, among which is to be 
mentioned the patented " Favorita " mill, of H. E. Glaser, of 
Berlin, This machine consists of a cast-iron base, upon which 
is the real mill, with the grinding arrangements, the feeding 
arrangement, the transmitting disc, and the regulator. The 
mill works by reason of two conical surfaces, each provided 
with teeth of triangular section concentrically arranged, and 
engaging together. One of the cones rotates, whilst the 
other is stationary and fastened to the framework. The 
grinding teeth pass by one another in such a manner that 
the material, introduced at the apex of the cone and driven 
by centrifugal force towards the base, is cut as by shears, 
and crushed. The grinding surfaces may be moved nearer 
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together or farther apart by a hand wheel whilst the mill is 
working, so that the cork may be ground to different degrees 
of fineness. The teeth are fixed in segment-like plates, which 
are arranged for renewal ; and according as the teeth on 
these segments are smaller or larger, near together or wide 
apart, the mill delivers finer or coarser cork. The velocity of 
the rotating cone also affects the fineness of the product. 

Utilisation of Cork Waste for Oas-Making. — Illumi- 
nating gas may be made in the usual manner, in closed 
retorts, from cork waste, 100 kilos. (2 cwt.) of which give 
50 cubic metres (1850 cub. feet) of gas. The distillation is 
naturally much more rapid than that of coal. The illumin- 
ating power of the gas, with a consumption of 150 litres (5 J 
cub. feet) per hour in the bat*s-wing burner No. 10, is thirty- 
six candles, so that there would be a saving of 50 per cent., 
in comparison with coal-gas at the same price, in view of the 
greater illuminating power. The cork tar produced as a 
by-product is of the consistency of ordinary tar, and reddish- 
brown in colour: on fractional distillation it gives 27 per 
cent, of light oil passing over at 210° C, which consists 
mainly of benzol and toluol with a little naphthalene. .The 
heavy oil contains anthracene and a little phenol. The 
liquid condensed in th? gas manufacture contains methyl 
alcohol, acetic acid, and ammonia. 

Cork Waste for Cork Mattresses. — In making these 
mattresses a fabric as waterproof as possible is sewed or 
glued together so that it forms a large sack, which is then 
filled with cork waste or coarse ground cork, sewn up, and 
then giveu the shape of a mattress by quilting. In order to 
make it quite impenetrable by water, the seams, and especially 
the quilted portions, are coated with an indiarubber solution, 
after the drying of which the mattress may be used. Mat- 
tresses for gymnasia are made in the same manner, but 
using an ordinary coarse fabric. Ships* fenders are bags or 
baskets, filled with cork waste. 

Use of Cork Waste in the Vinegar Manufacture. — It 
has been recommended to replace wood shavings in the 
manufacture of vinegar by the much lighter cork waste. 
The elasticity of cork is made still greater by wetting, so 
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that a sinking together of the filling material is not to be 
feared even in high vinegar vessels. In the pores of cork are 
countless small organisms, and among them the acetifying 
bacteria in great quantity, so that the vinegar-making vessels 
filled with cork rapidly turn acid. 
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CHAPTER XXVI 

LEATHER WASTE 

Leather cuttings are made into artificial leather, which can 
be used for the welts and heels of boots. The manufacture 
is very simple (according to the Deutsche Ind.'Zeit), The 
leather waste is made, with the addition of a binding medium, 
into rectangular plates, which are put one on the other, 
pressed in a hydraulic press, dried, and rolled. It is at once 
evident that this leather is only suitable for cheap work, and 
cannot be used where it is exposed to the action of water. 

The process of Soren Sorensen, of Copenhagen, is as 
follows : — If the leather waste is impure, it is first freed from 
all foreign constituents, after which it is converted into a 
uniform fibrous material in a machine constructed for the 
purpose. When this finely divided leather is mixed with 
ammonia solution, a gelatinous mass is formed, which, when 
pressed into moulds or rolled into sheets and dried, gives a very 
hard and stiff material of considerable cohesion, but without 
elasticity, and soluble in water. In order to make it elastic 
and resist the action of water, it is mixed with indiarubber. 
The rubber, of which the finest Para to the commonest African 
qualities can be used, is squeezed and washed in the washing- 
machine, which consists of two grooved steel rollers, over 
which is led a stream of water, which has the double effect of 
washing the rubber clean and preventing it from being burnt 
by the great friction. After washing, the rubber is dried, cut 
up, and dissolved by means of spirits of turpentine, benzine, 
carbon bisulphide, or other suitable solvent. The quantity 
of rubber to be dissolved varies according to its quality. Para 
rubber is dissolved, or, rather, gradually swollen, by 4 parts of 
solvent; Central American scraps require 3*5 parts, Guaya- 
quil rubber 3 parts, and African rubber 2*5 parts. The 
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rubber so prepared is then mixed with the ammonia solution, 
and the mixture well stirred. The proportions of the mixture 
depend on the quality of the product to be made. For 
example, for soles, 25 parts of solid rubber, 67 parts of 
ammonia, and 67 parts of leather; for heels, 25 parts of 
rubber, 80 parts of ammonia, and 80 parts of leather; for 
welts, 25 parts of rubber, 75 parts of ammonia, and 90 parts 
of leather. After kneading until the mass is quite homo- 
geneous, it is dried. During the drying it is subjected to 
progressive pressings, the intensity of which varies according 
to the destined application of the product. For sole leather 
the greatest pressure is used — about 450 kilos, per sq. cm. 
(about 2f tons per sq. in.). After pressing, the substance is 
either painted or lacquered, or treated in some other way to 
give it a similar appearance to natural leather. 

Smith and Johnson, of Huntington, dissolve the waste 
leather in sulphuric acid, pyroligneous acid and fusel oil, then 
add melted wax, and mix the whole intimately with paper 
pulp, which has also been previously impregnated with wax. 
The mixture is then dried, ground, steamed, and pressed in 
the desired moulds. Such leather is said to be waterproof, 
and very durable. 

The leather made by the following process, published in 
Ackermann's Gew.-Zeit, is as pliable and durable as ordinary 
leather of the same thickness, may be used for the same 
purposes, and is equally waterproof. The mixture consists of 
1 lb. of indiarubber to 3^ lb. of leather waste of any kind in 
the form of raspings. In order to mix these substances 
intimately, the rubber is dissolved in benzine or carbon 
bisulphide; when dissolved, 1 lb. of ammonia is added and 
the mixture well stirred. The rubber is then precipitated 
with a greyish-white colour; the leather waste is next 
gradually kneaded into this pasty mass. "When the mixture 
is homogeneous, the stiff paste may be rolled or pressed into 
sheets, cords, pipes, rings for making cold-water pumps tight, 
flanges, and valves. The product is better than vulcanised 
rubber or leather alone. 

Leather waste may also be used in the manufacture of 
artificial inlaid ivory, which is said to be obtained from the 
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bones of goats and sheep and pale or buckskin leather. The 
bones are treated with bleaching powder for ten to fourteen 
days, then washed in clean water and dried. When this is done, 
the bones and the leather waste are dissolved together in a 
pan with steam, so that a uniform fluid mass is obtained. To 
10 lb. of this mass ^ lb. of alum is added, and when this is 
well mixed, the scum which has risen to the surface is 
skimmed off, until the mass is quite clear and pure, then 
whilst still lukewarm the necessary colours are added, the 
mixture strained through a clean linen cloth, and poured into 
' the requisite moulds. When suflSciently cooled the cast mass 
is removed from the moulds and laid on linen stretched over 
a frame, upon which it dries in the air. When quite dry it 
is soaked in a cold solution of alum for eight to ten hours, 
until it has attained the required hardness ; 1 lb. of alum is 
used to 2 lb. of inlay for this purpose. When taken out of 
the alum solution the inlay is washed with fresh water, and 
again dried on the frame mentioned before. 

H. P. D. Lissagaray has obtained a patent for a new pro- 
cess for manufacturing an assimilable fertiliser from leather 
waste. The waste is immersed for about five minutes in water 
to which has been added about 10 per cent, of strong sulphuric 
acid, or a sulphate such as alum or manganese sulphate. It 
is then dried in the open air, and finally in a current of hot 
gases. The material has now become quite friable; it is 
ground in a suitable mill to a fine flour, which is readily 
accomplished. 

Leather Waste for the Manufacture of Olue. — In 
regard to the application of waste leather in making glue, J. 
Eepp has constructed a machine for disintegrating the leather. 
It consists of a cast-iron box 3 metres (9 ft. 10 in.) long and 
1 metre wide (3 ft. 3 in.), with rounded angles. The box is 
divided by a sheet-iron partition 5 mm. thick (1 in.) into two 
parts, which are connected at the round sides by the water 
which circulates through. At one end the water enters under 
the supply pressure, it passes through one division, and then 
back through the other to the outflow. The box is made in 
two pieces, at the top is a horizontal shaft with a roller 
studded with knives. The middle of the shaft is 640 mm. 
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(2 ft.) from the bottom, the roller is 650 mm. (2 ft. 2 in.) 
in diameter; the height of the box is 1000 mm. (3 ft. 3 in); 
it is provided with strengthening ribs. The knife cylinder 
consists of a drum in which is screwed a knife projecting 
42 mm. (1| in.); below it is brought a long knife, which can 
be adjusted at greater or less heights, according to the treat- 
ment required. The roller is driven by a belt at a speed of 1 20 
revolutions per minute, thus the water and the leather which 
is being washed in it circulate through the roller, where the 
leather is cut to pieces. A charge of leather is 200, 150, or 
120 kilos. (4 cwt., 3 cwt., or 2^ cwt.), according to the size 
and speed of the apparatus. In setting the machine in motion 
the box is almost filled with water, for which purpose it is 
connected with a pump or water supply. The working side, 
in which are the roller and the arrangements beneath, is 
somewhat wider, thus the leather stands at a rather higher 
level on the other side, in consequence of which it approaches 
with a certain velocity, due to the difference in level. The 
throat consists of a cast-iron frame with a wooden lining, upon 
which the long knives are fixed and screwed. This throat at 
its upper concave part occupies almost one-quarter of the cir- 
cumference of the roller, with which it is concentric, it falls 
away at both sides in an inclined surface of iron or wood. 
The cooled leather is well divided in this simple apparatus, 
which requires little attention ; at the same time it is washed 
clean, so that it may at once be used in glue-making. 
The apparatus works excellently, since the leather is better 
purified and divided by the constant flow of clean water than 
by the older methods, in which the leather was first hung in 
the water in large baskets on a chain and then was ground 
after again drying. This apparatus is termed a hollander, 
but is not to be confused with the hoUanders of paper- 
works. 

Leather, which has been tanned with a substance insoluble 
in water, such as chamois or bark-tanned leather, is not at 
once suitable for glue-making; it requires a complicated 
treatment, which, however, is always profitable. In the case 
of bark-tanned leather, the manufacturer has to make sure 
that all the tannic acid is removed from the animal tissue, 
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since only a small quantity of this substance is sufficient to 
remove from the tissue its property of dissolving in water, 
and thus of producing glue. 

In the first place, it is important that the leather waste 
should be converted into the finest state of division, for which 
a half-stuff hoUander, such as is used in pasteboard and paper- 
works, is the most suitable (F. Dawidowsky, Die Leim- und 
Gelatine-Fabrikationy Vienna). The advantage is that the 
leather is not only disintegrated and washed in a manner 
which renders it very suitable for glue-making, but that it 
can also be used in the manufacture of leather book-covers, 
which are very soft and of good appearance when made from 
leather stuff mixed with rag or wood pulp. 

When the leather waste has been so prepared, and, in 
particular, well washed, then a chemical treatment follows. 
Stenhouse uses a boiler at two atmospheres pressure, and 
1 5 per cent, of lime to the leather mass to be treated, the 
lime being suspended in much water. Others use, to extract 
the tannin, caustic soda of 1*025 specific gravity, with which 
the leather paste is boiled for twelve hours. After boiling, 
the water is run off, the paste pressed, and again boiled with 
caustic soda of the same strength. The soda is now carefully 
washed out, which is done in the hoUander. If the caustic 
soda in the liquor first drawn off is neutralised, the solution 
can be used for tanning or as tannic acid for other purposes. 

The following is another process: — 1*5 lb. of oxalic 
acid is dissolved in 12 litres (21 pints) of water, the boiling 
solution poured over 50 kilos. (1 cwt.) of leather waste, and 
the mixture kept in the water-bath at a temperature of 
80-100° C. The leather should then dissolve; when this 
is the case, 15 litres (26 pints) of water are gradually added 
until a uniform mass results. The paste obtained by slakiijg 
5 lb. of quicklime is then added, and the whole well mixed, 
when the mass becomes friable and powdery. It is now 
rubbed through a wire sieve, and the still moist mass exposed 
to the air. After three to four weeks the tannic acid is 
destroyed, and the mass becomes lighter. The lime is removed 
by means of water and hydrochloric acid. If all the tannic 
acid should not be destroyed by the exposure to air, in boiling 
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out the crude glue, 0*5 kilo. (1*1 lb.) of ammonia and 0*5 kilo, 
of ground pyrolusite may be added to 50 kilos. (1 cwt.) of the 
leather. Frequent turning over and gentle heat during the 
exposure to air hasten the process of decomposing the tannic 
acid. 

The fatty (" stufted ") waste of the tanner and currier 
is utilised, according to J. Bergmann {Neueste Erfindungen wid 
Erfdhrungtn, 1894), by the following process: — One end of 
an ordinary barrel, best of hardwood, is removed, the barrel 
placed with the open end upwards, and a perforated false 
bottom inserted at a height of 15 cm. (6 in.) above the 
bottom. A steam-pipe of 13-20 mm. bore (0*5-0*8 in.), 
according to the size of the barrel, passes down in the barrel 
to the perforated bottom ; a valve for regulating the supply 
of steam is placed above the barrel. The waste to be extracted 
is filled into the barrel to one-third its height; the valve on 
the steam-pipe is opened and steam sent in, until the leather, 
which is stirred two or three times during the fifteen minutes' 
passage of the steam, is heated, which may be recognised by 
its dark brown colour. During the boiling, the fatty matter 
contained in the leather becomes free, and appears on the 
surface of the separate pieces, whilst the condensed water 
collects between the two bottoms, whence it may be rim off 
as necessary by an outflow tap. 

After this treatment the leather is at once shovelled out 
of the barrel and put in layers of 3-4 cm. (1 •2-1*6 in.) 
into press cloths of equal size. The press cloths containing 
the leather are now laid in piles in a vertical spindle press, the 
plates of which have been warmed, in such a manner that upon 
each layer of waste comes a metal plate, and that there may be 
ten or more such layers, according to the press, above one 
another. As the press-plate attached to the spindle descends, 
the fat is pressed out of the leather waste ; it flows away 
until it becomes thick by cooling, which may be prevented by 
arranging under the bottom plate of the press a double bottom 
permanently heated by steam. As soon as the fat ceases to 
flow away, the spindle is screwed back, the cakes removed 
from the press, the cloths removed, and the naked cakes set 
out to dry. The fat obtained by pressing, which is absolutely 
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pure, and has not in any way BufTered by the action of 
chemicals, may at once again be used for stuffing hides and 
skins. As a matter of tact, it is better than the fresh fat 
prepared from tallow, d^gras, and cod oil, since any resinous 
constituents or other injurious substances have been removed 
by the above process. The dried press-cakes are then ground, 
producing an excellent fertiliser, which can be used without 
any other addition, and finds a ready sale in the market. 

R. Jakel, of Berlin, has pateuted a machine for producing 
so-called axtificial leather. In Fig. 9, A and B are two 
smooth drums ; 0, D, and E, three smooth massive rollers. 
The bearings of the drum B, and of the rollers C, D, and B, can 
be fixed by screws in any position. A and B, also C and D, 
rotate in their bearings, whilst E is fixed. The pattern is 
stretched round A, B, C, E, and the ends stitched together. 




The machine is driven from the drum A, which moves both 
the pattern and the system of rollers. 

(t is a roller, upon which is wound the backing; its 
spindle rests at one side in an open bearing, and at the other 
in a hole, so that it can readily be changed. A brake acting 
on the projecting spindle keeps the fabric stretched, and 
ensures a regular feed. Z is a sheet-iron pan with double 
walls, kept full of hot water in order to keep the mass in the 
pan hot ; its width is equal to that of the machine. The mass 
flows out of the pan L on to the pattern, where it is distributed 
by a movable guide towards the sides, and is then spread on 



ARTIFICIAL LEATHER 137 

in the desired thickness by means of the rollers D and J^, or, 
rather, by passing between J9, which is covered by the backing, 
and the pattern ; at the same time the mass receives the 
design from the pattern. The mass cools on its way to the 
drum -4, when it is finished ; it is then wound on the roller 
Ny which is turned by a handle, 0. 

In order to obtain the negative, or pattern, of a material 
such as leather, damask, etc., the original is drawn round the 
system A^ B, C, JS, in the same manner as the pattern in the 
manufacture, and kept stretched by means of the screw F, 
The original is then lightly coated with oil, so that the mass 
may subsequently easily be removed. In the pan L is the 
mixture for the pattern, consisting of glue, glycerine, and pyro- 
ligneous acid. The mass is applied in the same manner as 
described above. The surface is then hardened by treatment 
with acetate of iron, and suflBciently dried. 

The mixture for the manufacture described above consists 
of glue, colour, glycerine, linseed oil, soap, gallotannic acid, 
and chromic acid. 



CHAPTER XXVII 

GLUE-MAKERS' WASTE 

Utilisation of the Fat obtained in Olue-Making to 
obtain a Solid Lubricant. — The raw material from which 
glue is made is generally waste matter, such as the waste of 
slaughter-houses and tanneries, old shoes, rabbit and hare-skins 
from which the hatmakers have stripped the fur, also cat 
and dog-skins, ox feet, calves' and sheep's feet, sinews and 
entrails. These substances receive a preliminary treatment 
with lime, in order to remove particles of blood and 
flesh, which would hasten decomposition and give the glue 
a dark colour, and also in order to saponify the fat. For this 
purpose the substances are treated in large pits or tanks with 
thin milk of lime for fifteen to thirty days, during which time 
the lime is often renewed. When this has been done, the 
adherent lime is removed from the animal substances, which 
are worked up for glue. 

This residue, which, in addition to lime, contains the fatty 
parts of the substances treated, saponified by lime, is known 
as " glue fat." The cheap lime soaps, which can be bought 
under this name, may with advantage be used in preparing 
machinery greases. The process is as follows : — The lime 
soaps are placed in a pan, which 4)hey half fill, and then 
heated over a gentle fire until they melt. The fire is then 
gradually increased and the boiling continued until the mass 
has been so far boiled down that a test, brought on to a sheet 
of glass, can be drawn out into long threads on touching with 
the finger. In order to hit the right point, tests must 
frequently be taken during the boiling, since, if the mass 
were to thicken too far, it could not be used, and would be 
wasted. Thick mineral oil is now added gradually in small 
portions, and with continual stirring, until the desired con- 
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sistency, which is tested by taking out portions on to a glass 
plate, is reached. The mass is then run into a tub and 
stirred until nearly cold. 

Since glue fat contains so many impurities — dirt, hairs, 
etc., — it must previously be cleaned, which is best combined 
with the melting process — the dirt swimming on the top 
being skimmed off, and the deposit which collects at the 
bottom removed. 



CHAPTEE XXVIII 

ILLUMINATING GAS FROM WASTE, AND THE 
BY-PRODUCTS OF THE MANUFACTURE OF 
COAL-GAS 

Utilisation of Waste Products in making Illumin- 
ating Gas. Gas from Suint {Dingier* s Journ. 195, pp. 
175, 216, 517). — Of the waste products containing fat — 
bones, oil-cake, soap waters — the latter especially, produced 
in washing the grease out of wool and the gum from silk, 
may be used with advantage for the production of an illum- 
inating gas. It contains unaltered fat, oleates and stearates 
-of soda and lime, and also organic matters from the wool and 
silk. The fatty acids are separated from the suds either by 
inorganic acids, or they are combined with lime and the 
product subjected to distillation, {a) Distillation of the 
separated fatty acids. — According to Knapp, at Rheims 300 
cwt. of wool-washing suds are mixed with 2 per cent, of 
sulphuric acid or 4 per cent, of hydrochloric acid and 
equal quantities of water, and allowed to stand for twelve to 
eighteen hours, when the impure greyish mass of fat which 
has risen to the surface is mechanically cleaned, melted in a 
copper pan, and whilst fluid, treated again with 2 per cent, 
of sulphuric acid. The clear oil obtained is used for soap- 
making, and the black, solid, fatty residue employed for 
producing gas. The tar which separates in the distillation 
is always again used to dissolve the solid residue. (6) Dis- 
tillation of the separated lime soaps. — At the spinning-mills 
in Mlihlhausen and Augsburg, according to Altgelt, the water 
containing the sweat of the wool and the used soap, is allowed 
to stand with milk of lime for twelve hours, the clear liquid 
drawn off, the deposit sieved through coarse linen cloths, and 
the mass which passes through allowed to stand for six to 
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eight days in a cellar until it forms a pasty mass, which is 
then cut up with a spade into rectangular lumps of the size 
of half a brick. These lumps are dried for several weeks on 
frames, and the dried mass, which is termed suinter, subjected 
to distillation. A gas is obtained which it is not usual to 
purify, and which has three times the illuminating power of 
coal gas. The soap liquors in which silk has been boiled, 
according to Jeannency, are heated with slaked lime to 70— 
75° C, allowed to clarify during two to three days, the clear 
liquor decanted off, the deposit filtered, spread out to dry in 
the air, and then used for gas-making. One hectolitre 
(22 gals.) of the soap liquor requires 0*75-l'5 kilo. (1*68- 
3-37 lb.) of quicklime, and gives 1200-1600 litres (42-56 
cub. ft.) of gas. The gas is not purified or washed, but is 
taken direct from the retorts to the gasometer. 

Illaminating Gas from Wool Waste. — Liebau, of 
Magdeburg {Dingier' s Journ,, 184, p. 380), employs wool 
waste from spinning mills either alone or, better, mixed with 
coal to produce illuminating gas. A layer of coal 52 mm. 
deep (2 in.), then a layer of wool waste 157 mm. (6*3 in.) 
deep, and finally a little more coal, are brought into the scoop 
used for filling the retorts, and the contents quickly emptied 
into the retort, which is at a low red heat. With a retort of 
30 kilos. (67 lb.) capacity the distillation is finished in one and 
a half to two hours. Fifty kilos. (1 cwt.) of waste produce 
21*63 cub. metres (800 cub. ft.) of gas, whilst the coal 
also gives about 17 cub. metres (630 cub. ft.) of gas 
per 50 kilos. (1 cwt.). The carbonic acid is to be removed 
by purifying. It is advisable to use the wool waste mixed 
with coal rather than alone, since a saleable coke is produced, 
the cheaper clay retorts can be used, and the purification is 
also less expensive. 

Illaminating Gas from Beet Molasses, Wine Lees, and 

Grape Marc {Deutsche Industrie- Zeit), — From 100 kilos. 
(2 cwt.) of dried, or 111 kilos. (250 lb.) of crude molasses, 
Stammer has obtained 61*8 cub. metres (230 cub. ft.) of un- 
purified illuminating gas. The residues from the maceration 
of dried beet, after pressing and drying, give 2 4*7 2-3 7 '08 
cub. metres (916-1375 cub. ft.) of gas per 100 kilos. 
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(2 cwt.). The gas contains 23-24 per cent, of carbonic acid. 
Three kilos. (6f lb.) of 10 per cent, ammonia liquor or 1*2 
kilos. (2*6 lb.) of sulphate of ammonia are also produced. 

The grape marc, which has already been used for pro- 
ducing tartaric acid and marc brandy, may further be used 
with profit for gas-making {Die Verwerthung der Weinrilck- 
stdnde, A. dal Piaz, Vienna). No other appliances are 
necessary for producing gas from the grape marc than those 
used for coal- or wood-gas. Grape marc may therefore be 
treated in any well-arranged coal-gas works. The by- 
products obtained by condensation from the gas produced 
by grape marc are essentially the same as those obtained 
from wood-gas, viz. acetic acid, ammonia solution, and a 
mixture of hydrocarbons similar to wood-tar, which may 
again very well be utilised for the preparation of creosote, 
photogene, and paraffin. It is absolutely necessary that the 
marc used for producing gas should be free from alcohol, i,e. 
only marc can be used from which brandy has been prepared 
or from which the alcohol has evaporated by long lying in 
the air ; it must also be air-dried, and should not be mouldy. 
The marc, as it comes from the brandy distillery, is pressed in 
order to remove the greater part of the liquid. It is then 
dried, for which purpose it is pressed into moulds, which 
may be either rectangular boxes, open at top and bottom, 
or circular rings ; rectangular bricks or round cakes are thus 
produced in the same manner as the bricks of tan-bark. 
The bricks or cakes are quickly dried in the open air on 
hurdles or frames. Drying the marc by the aid of artificial 
heat is not advisable, since if the drying be carried only a 
little too far, not only is much less gas obtained, but also gas 
of lower illuminating power. The dried bricks may be kept 
for years before use, if they are piled above one another in 
open layers so that the air can always pass between them. 
The retorts are charged in the same manner . as with 
coal. At each charging 20-50 kilos. (42-112 lb.) of the 
marc bricks may be introduced, according to the size of the 
retorts, so that five or six-tenths of the internal volume is 
occupied. The quantity of marc cakes required for one charge 
is distributed in a charging scoop, of the same length as the 
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retort and of semi-circular section. The scoop is then quickly 
pushed into the retort and turned over, so that its contents 
are emptied on the bottom. The empty scoop is rapidly 
withdrawn and the retort lid, the edge of which is well 
smeared with clay paste, screwed on. When the retort is 
closed, a violent distillation and evolution of gas take place 
as soon as the retort is sufficiently heated. As in making 
wood-gas, a charge of grape marc is completely gasified in 
two hours at the most, whilst coal requires five to seven 
hours before it is entirely exhausted. The treatment of the 
grape marc has thus the advantage over that of coal that a 
large quantity of gas can be rapidly made without large 
furnaces and gasometers being necessary. The gas is also 
of greater illuminating power thian ordinary coal gas, but 
particular care must be taken that the grape marc used is 
well air-dried, and quite free from alcohol and mould. If 
the intention in gasifying grape marc is to obtain good 
Frankfort black, then no higher temperature should be used 
in the distillation than is required to maintain the retorts at 
a dark red heat. Thus it is advisable to use for heating the 
retorts or gas furnaces, in place of the usual coke, a fuel of 
less heating power, such as turf, lignite, or wood, especially 
when coke is the more valuable. When grape marc is 
gasified with the retorts at a dark red heat, a coaly residue 
of a dull, deep bluish-black colour is obtained, which pro- 
duces Frankfort black of a very fine shade. If, on the 
contrary, the retorts are almost at a white heat, the residue 
is dark grey and shining like graphite, to which when 
ground it is quite similar ; it may be used ground in linseed 
oil as " furnace black," a greyish-black paint of good covering 
power. 

After the distillation has continued one to two hours, 
according to the size of the retorts, the evolution of gas 
slackens, the gasification of the charge may then be regarded 
as finished and the hot residue at once withdrawn from the 
retort. When the retort lid is opened, the gases issuing from 
the retort are lighted, as in making coal gas, in order to avoid 
an explosion. The withdrawal of the red-hot charge must, 
similarly to the charging, be as rapid as possible, so that the 
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residue may not be partially burnt, when it would be con- 
taminated by a fine white ash. 

It is therefore necessary to use a broad rake in emptying 
the retorts, to rake the contents into a sheet-iron box with a 
well-fitting lid, placed below, and at once to close the box 
with the lid in order to exclude the air. It is, however, 
better and simpler partially to fill the box with water, so that 
the glowing contents of the retort are quenched immediately 
they are drawn. 

In making gas from grape marc no other condensing 
apparatus is required than with coal- or wood-gas ; as with 
the latter, dry lime is used for purifying. The gas lime 
obtained in the purification, and also the other by-products 
of the condensation, may be utilised in the same manner 
as those obtained from wood-gas or coal-gas. Experiments 
made at the Grunstadt gasworks have shown that when 
the retorts are almost white hot, from a 50 kilo. (1 cwt.) 
charge of completely air-dried grape marc about 17*5 cub. 
metres (648 cub. ft.) of gas are obtained of a considerably 
higher illuminating power than ordinary coal-gas. At a dark 
red heat the yield of gas is smaller — from a 50 kilo, charge 
about 15*6 cub. metres (577 cub. ft.) of gas of the same 
illuminating power as ordinary coal-gas. 

The grape seeds, separated from the marc and dried, in 
consequence of the oil they contain, give almost twice as 
much gas as the marc, and a gas far surpassing gas from 
marc in illuminating power. The carbonaceous residue 
obtained in gasifying the seeds also gives Frankfort black. 
In gasifying grape marc the residue, i,e, the Frankfort black, 
amounts to one-quarter of the weight of the dried marc ; it 
is possible to reckon with certainty on obtaining 20-25 per 
cent, of grey or black pigment. 

Illuminating Gas from Fusel Oil (Zeits. d, Ver. /. 

Rubenzilcker- Industrie). — The fusel oil from potato spirit is 
generally preferred in the manufacture of perfumes to fusel 
oil from beet or molasses distilleries, since it contains more 
amyl alcohol. H. Briem recommends that this by-product of 
the molasses distillery, which has little commercial value, 
should be used for preparing illuminating gas. The iron pipe 
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required for decomposing the fusel oil has a diameter of about 
10 cm. (4 in.) for lighting 100—200 burners; it is laid in 
the fireplaces of the furnaces used for evaporating the wash. 

Illaminating Gas from Sewage Deposits and Excre- 
ment. — The first experiments with this object date back 
to 1827, when Reimann, of Berlin, made illuminating 
gas from fseces. The price of the new gas was, however, 
higher than that of coal gas, and thus this method of utilis- 
ing excrement had to be abandoned. Of the more modern 
process, two in particular are worthy of notice: the first, 
for the production of illuminating gas and hydrogen from 
sewage deposits, is due to R G. Hickey; the second, of 
illuminating gas from excrement, to Sindermann, of Breslau. 

Hickey has published a description of his process {Dingler's 
Joum,, 195, p. 378), according to one modification of which 
hydrogen, for illuminating purposes, is obtained by passing 
superheated steam over sewage deposit, heated in a retort. 
Another modification consists in producing a gas for lighting 
and heating from sewage deposits. Hickey intended to make 
excrement of all kinds innocuous in this manner, by carbonis- 
ing it in closed retorts, and using the residue in the retorts 
for removing the smell of fresh matter before its introduction 
into the apparatus, and also, together with the distilled 
products, as manure ; the gas was to be used either for 
lighting or heating, or for both purposes together. The 
process differs somewhat according to the result desired. 
For the transport of the sewage deposit to the gasworks, 
buckets of circular or elliptical section are used ; they narrow 
at the top to a neck from three to four inches wide, which is 
filled with the ignited excrement, and may also be closed by a 
water-lute, to prevent the escape of smell. The fluid con- 
stituents are partially removed from the matter before it is 
brought into the retorts, and are also made odourless by means 
of the ignited residue. For this purpose the mixture is brought 
into a cylinder with a perforated bottom, covered by a layer of 
ignited residue. When full, a tight-fitting plate is laid on at 
the top, and then, by a screw mechanism, a gentle pressure is 
applied, which expresses a large part of the liquid in a com- 
pletely innocuous condition. ♦ 
10 
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The retorts in which the pressed matter is heated are 
either of clay or wrought-iron ; they are best ft - shaped, and 
have at each end an opening, closed during use by a tight- 
fitting lid, smeared with clay ; the retorts are laid at an 
angle of 15-20°. If the gas is only to be used for heating, 
the gases and vapours are allowed to rise through pipes, and 
then through a water-tank divided into several compartments ; 
in this manner they are completely washed, and the ammonia 
salts mostly separated. The gas then goes through a con- 
denser, and thence into a small gasometer, from which it passes 
through a pipe, furnished with a regulating valve and ending in 
a head provided with slits, to the furnace, where it is burnt 
with the addition of partially carbonised excrement. If the 
gas is to be used for lighting, it must be more carefully puri- 
fied. It leaves the retort, as does coal gas, to enter the main 
pipe, which must be of relatively large size ; it goes thence to 
the condensers, in which the ammonium and other salts are 
removed by repeated passages through water. It then goes 
through a scrubber — a cylinder filled with bricks, stones, 
charcoal, or large lumps of the retort residue, — and finally 
through a dry purifier, which contains alternate layers of lime 
and retort residue, spread on frames one above another, and 
which it leaves for the gasometer. 

If the gas produced in the retorts is to be used for heat- 
ing, and, at the same time, hydrogen gas is to be made for 
lighting purposes, the gas which is first evolved is conducted 
away, as in the first case ; as soon as the evolution of gas has 
ceased, the connection with the pipes leading to the condenser 
is cut off by a tap, and then superheated steam, from a 
small boiler built in the furnace, and which may be fed with 
the liquid expressed from the excrement, is passed through a 
perforated pipe over the red-hot residue in the retort. Pure 
hydrogen and carbonic acid are formed almost entirely ; the 
latter is removed in a dry lime purifier, whilst the hydrogen 
is burnt in an Argand burner, provided with platinum gauze. 

The gas produced from human excrement burns with a 
very bright flame. The residue remaining in the retorts is 
a black powder, quite odourless, which is very suitable for 
removing the odour from solid and. liquid sewage matters, and, 
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like the deposit in the condenser, produces an excellent 
manure. From the liquid condensed in the main pipe, by 
evaporation with hydrochloric acid in pans on the top of the 
furnace, sal-ammoniac is obtained in large quantity. 

A very favourable report on Sindermann's process was 
given in 1875 by the Breslau Common Council, which had 
appointed a special commission to examine it. The faeces are 
brought in small quantities — with the apparatus then used, 
2-3 kilos. (4J-6f lb.) — every fifteen to twenty minutes into 
a heated retort. 100 kilos. (2 cwt.) of faeces require 50 kilos. 
(1 cwt.) of coal, and produce 7*8-9 cub. metres (290-333 
cub. ft.) of gas, and with the addition of 1 kilo. (2^ lb.) of iron 
turnings, 24 cub. metres (888 cub. ft.) of gas. In addition, 
there are said to be obtained — 6*66 kilos. (15 lb.) of coke, 
which may be used as manure; 3'33 kilos. (7*5 lb.) of tar; 
3*33 kilos, of fat, which is used for protecting the collecting 
barrels ; and large quantities of ammonia liquor. 

The process just described can hardly exist in actual 
practice ; in a critical examination by Fischer, in Dingler's 
Journ,, 217, p. 425, it is entirely rejected. Therefore it is 
here mentioned that, according to Gintl, faeces contain an 
average of 92*5 per cent, of water and 1*6 per cent, of ash. 
Thus, in order to obtain 5*9 kilos, of organic matter, from 
which gas can be made, 92*5 kilos, of water have to be 
evaporated, which again must be condensed in a gigantic 
cooling apparatus. Whilst a coal-gas works consumes barely 
half the coke it produces from the coal, in treating faecal 
matter large quantities of fuel must be purchased. The pro- 
duction of larger quantities of gas by an addition of iron 
turnings can, at least in substance, only result from the 
decomposition of water by. heated iron. Now 

SFe + 4H2O = Fe304 + 4H2 
168 72 232 8 

therefore 168 kilos, of iron give 8 kilos, or 89*5 cub. metres 
of hydrogen ; thus 1 kilo, of iron, even when it is completely 
transformed into Fe304, can only give 0*5 cub. metre. 
Sindermann's statement, that an addition of 1 per cent, of 
iron turnings can increase the yield from 8 to 24 cub. metres. 
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must therefore rest on error. The gas liquor will, as a rule, 
barely contain 0*5 per cent, of ammonia, and is therefore far 
more difiBcult to utilise than that from coal. Also, the tar 
and the fat apparently obtained seem to have a low value. 
Since, further, the tending of the apparatus requires relatively 
much labour, the process cannot be profitable. 

Treatment of the Used Laming's Mixture of the 
Gasworks. — For many years the chemical works of Kun- 
heim, Berlin, have worked up the Laming's mixture from gas- 
works (F. Beilstein, Die chemische Grossindustrie ; Dingler's 
Journ.y 211, p. 76). The mixture of ferric oxide and lime, 
which are the essential constituents, soon absorbs a large 
quantity of ammonia, sulphur, and cyanogen compounds. By 
washing with water the ammonia salts are extracted and 
isolated. The residue, when decomposed with lime, give a 
soluble double cyanide, from which yellow prussiate of potash 
may be obtained by precipitation with potassium sulphate. 
The insoluble portion, when roasted, gives up the whole of its 
sulphur, which is utilised in vitriol chambers ; there remains 
ferric oxide in a condition very suitable for the purification of 
gas. In addition, ammonium sulphide, and, by direct treat- 
ment with hydrochloric acid, Prussian blue, may be prepared. 

Recovery of Sulphur from Laming's Mixture. — The 
sulphur deposited in the mixture may either be extracted 
with carbon bisulphide, or may be industrially utilised by 
burning the mixture in the sulphur burners to sulphur 
dioxide, when 1 ton produces IJ ton of sulphuric acid 
{Dingier' s Journ,, 196, p. 372). G. Pelouze recommends to 
utilise the solubility of sulphur in coal-tar oils for its extraction 
from Laming's mixture {Dingier' s Journ., 196, p. 372). 

Ammonia from Gas-Liquor.-r-According to a patent of 
Braby and Baggs, ammonia is obtained from gas-liquor by 
adding caustic lime, heating in a boiler to a temperature 
between 40° and 100° C, and then forcing air through a pipe 
reaching to the bottom of the boiler, the air being further 
distributed by a perforated bottom. The air, carrying 
ammonia and a little steam, leaves the upper part of the 
boiler and passes into a receiver filled with water, hydro- 
chloric or sulphuric acid. At Deptford, where this process 
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was employed, the air, laden with ammonia, first goes through 
a lime purifier containing milk of lime kept in constant 
motion by a stirrer, and then through a cooled coil to the 
receiver, which consists of three vessels. Two of these vessels 
are one-third filled with cold water, the last is best filled with 
a strong solution of ferric chloride, which is converted into a 
solution of sal-ammoniac with precipitation of ferric oxide, 
which, after ignition, can be used as a painter's colour. 

Utilisation of the Ferric Oxide used for the Puri- 
fication of Coal - Gas. — Various methods have been pro- 
posed. According to an English patent of H. Griineberg, the 
spent purifying mass, after extraction with water and alkali, 
is treated with hydrochloric acid in order to separate part of 
the sulphur, and is then converted into Prussian blue by 
means of a ferric salt and bleaching powder. (Dingler's Journ,, 
227, p. 212.) 

Gerlach proposes to grind the purifying mass fine, and 
then to extract first with water, next with caustic soda 
solution. Erom the last extract, sulphur and cyanides are 
precipitated on the addition of acid to slight acid reaction ; 
ferric chloride is then added to the solution drawn off from 
the precipitate and filtered if necessary. The residue remain- 
ing after the two extractions yields its sulphur on distillation 
in an iron or clay retort in a current of superheated steam. 
The extracted and desulphurised mass is converted into 
colcothar by heating with access of air. 

P. Spence uses the following process: — The spent iron 
oxide is first washed with water in a suitable tank, in order 
to remove any ammonia compounds present. The mass is 
then again dried in the air, a quantity of quicklime equal to 
half the weight of the oxide is slaked and the dry hydrate 
intimately mixed with it. The mixture is lixiviated with 
warm water — not above 70° C. — in iron vessels with double 
bottoms. The solution when slightly acidified gives, with 
ferric chloride, a precipitate of Prussian blue. This pre- 
cipitate is used as such, or employed to prepare yellow 
prussiate of potash. After the ferric oxide has given up all 
the potassium ferrocyanide, it is heated in the same vessels 
with water to boiling. A solution of calcium polysulphides 
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is obtained, from which hydrochloric acid precipitates sulphur. 
The ferric oxide thus extracted is again used for purifying 
coal-gas. (Eng. Pat. 4118; Ghem, Centralhlatt, 1879, 
No. 28.) 

Prussian Blue from the By-Products of the Manu- 
facture of Coal-Gas. — According to the English patent of 
Valentin, ferric hydroxide, which has been used for purifying 
coal-gas, is washed with water, digested with magnesia or 
chalk at a high temperature, and then extracted with water. 
The pale yellow, somewhat alkaline solution contains calcium 
or magnesium ferrocyanide ; on the addition of a little acid 
and an iron salt, it deposits fine Prussian blue. 

Ammonium Sulphate from Gas-Liquor is made by 
P. St. Brown, in Ireland (Post's Zeits, /. d, chem, Grossgew,^ 
IV. 1), by incompletely neutralising with sulphuric acid, 
thus leaving the liquor rather alkaline, and evaporating in 
iron vessels until ammonium sulphate crystallises out. The 
product is somewhat impure, and can only be purified by 
complex and repeated recrystallisations. 

H. Kratzer has accordingly recommended a new method 
for. the preparation of ammonium sulphate, 'which has been 
adopted by several chemical works, and which produces an 
almost completely pure salt. A little lime is added to the 
gas liquor in order to decompose the ammonium salts it 
contains ; a rapid current of steam is then passed through the 
mixture. The whole of the ammonia is expelled, and when 
conducted into a water-tank gives at once ammonia solution 
of any required strength, from which, by neutralisation with 
sulphuric acid, a product can be obtained far more pure than 
by previous methods. 100 parts by weight of gas liquor give 
1-2 parts of the salt. This method is particularly to be 
recommended to those works which make ammonium sulphate 
for use as a fertiliser, since the product is free from sulpho- 
cyanides and hence is harmless for agricultural purposes. 
Kratzer showed, as a result of many experiments undertaken 
when director of the Agricultural Institute at Brandis, that 
sulphate of ammonia, made by older methods, generally 
contains potassium sulphocyanide, and then injures the crops 
instead of improving them. 
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Simultaneous Utilisation of Coke Dust and Gas-Tar. 

— In large gasworks coke dust is produced in considerable 
quantities ; it has hitherto been utilised only by a somewhat 
laborious process of little profit. It is mixed with small 
quantities of coal -tar, or tar freed from its volatile con- 
stituents by distillation, or even with loam or clay, and 
moulded into briquettes by special machinery. The briquettes 
are a good fuel, but they require to be made by powerful 
machinery, and are consequently expensive. Coal-tar, in 
consequence of its chemical composition, is by itself a valuable 
raw material for the production of illuminating gas, but all 
attempts to utilise it in this manner have failed owing to 
various technical difficulties. The engineers of the Paris Gas 
Company have proposed to utilise coke dust and coal-tar by 
the simultaneous production of a good fuel from the former 
and of illuminating gas from the latter by-product, and have 
obtained a patent for the process. 

In any simple mixing apparatus, 50 parts by weight of 
tar are well mixed with 40 parts of coke dust, brought into 
the retorts by means of the ordinary semi-cylindrical scoop 
and heated for three or four hours at a temperature of about 
1200° C. After the lapse of this time, the distillation of the 
admixed tar is finished, and the solid coked residue has 
sintered with the coke dust to a solid mass, which has only 
to be cooled by water or steam and broken up, in order to 
yield an excellent fuel, burning readily in a grate with a 
slight draught, and especially suitable for household use, etc. 
(Armengaud's Publication industrielle, 22, p. 491 ; Dingier' s 
Journ., 219, p. 470.) 

Utilisation of Lignite Coke. — It is well known that, 
in the dry distillation of lignite, coke is obtained in consider- 
able quantities as a by-product which is difficult to utilise. 
Formerly it .was only applied as road material, but later 
(Post's Zeits. /. d. chem. Grossgew,, III., 1) it has begun to 
be used in the so-called ashpit stoves. The Wochenschrift 
fur Oel' und Fettwaarenhandel calls attention to other uses 
for this by-product. Coleman has {loc. cit.) made successful 
experiments with a view to using lignite clinker for dis- 
infecting the latrines of two large hospitals in Glasgow. 
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Two parts of the contents of the latrines, mixed with 1 part 
of bone black or powdered lignite coke were temporarily, I 

when mixed with an equal quantity, permanently deodorised. ^ 

Coleman accordingly proposes to use lignite coke for disin- 
fecting the contents of the sewers of towns and to utilise the 
product as manure. 

There have also been several communications in this 
connection to the Zeits, /. Paraff, in regard to the utilisation 
of the lignite coke of oil distilleries for the same purpose, for 
which equally favourable results have been obtained. How- 
ever, more may be expected of the application of lignite coke 
as fuel, if only suitable fire grates can be constructed for the 
purpose. 

(In regard to working up the tar, which is an industry in 
itself, to describe which would be to overstep the limits of 
this work, the reader is referred to the excellent and practical 
work of Dr. J. Bersch, Die . Fdbrikation der Anilinfarbstoffe, 
Hartleben, Vienna.) 



CHAPTEK XXIX 

MEERSCHAUM 

Utilisation of Meerschaum Waste. — The dust and 
cuttings produced in making genuine meerschaum pipes 
are carefully collected 'and used to produce imitation 
meerschaum, which is considerably inferior to genuine in 
quality. 

According to T. Urban {Dresd, Gewerbevereitis-Zeit), the 
waste from genuine meerschaum is stamped in a barrel with 
water, the coarse mud brought into a mill, consisting of two 
stones, one lying close on the other, and here ground still 
finer. The paste is then rubbed by hand through a linen 
cloth stretched over the top of a tub. The fine material is 
now well boiled with linseed oil with the addition of alum. 
The linseed oil gives the imitation meerschaum the peculiar 
shine of the real; the alum takes the place of a binding 
medium. When the boiling is finished, the meerschaum is 
brought into moulds and allowed to lie in the stove until the 
adherent water has completely evaporated and the mass has 
acquired about the consistency of soap. When this stage is 
reached, it is easy to bring it into any required mould and to 
shape it with the knife. 

When the shape of the pipes is roughly obtained, the 
turning is completed on the lathe. The pipes are then dried 
in a stove at 75— 87'*C., and subsequently boiled in melted 
suet. After cooling, they are rubbed with grass (equisetum). 
After rubbing, the best qualities are dipped in boiling 
spermaceti or wax, which causes them to colour more quickly 
when used, and at the same time gives the meerschaum a 
better polish and greater hardness. Meerschaum pipes 
burnt black inside and out are in equal demand with the 
white pipes; they are distinguished by a very fine polish. 
The blackening is obtained by placing the white pipes for 
fifteen to thirty minutes in boiling linseed oil, and then hold- 
ing them over burning pine sawdust until they are coloured 
black or dark, after which they receive the real polish. 

153 
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The red meerschaum pipe, or oil pipe, is a lower quality, 
which is obtained by first boiling the cut pipe in fat, then 
turning, polishing, and finally again boiling. The red colour 
is produced by adding dragon's blood to the linseed oil; 
according as the colour is to be dark or pale, more or less 
dragon's blood is added. Carmine, gamboge, and alkannet 
are also used as colouring matters. 

The imitation pipes — ^made from waste meerschaum — are 
also carved. The carving is done in the half-boiled state, 
and the pipe is finally again boiled. 

J. S. Hyatt, of Paris, has discovered a process for the 
preparation of a plastic stcbstance from meerschaum waste, 
nitrocellulose, and camphor (Acker maun* s illustr, Gwb,-Zeit.). 
In making certain articles, the shape and size of which 
considerably exceed those of the crude lumps of meerschaum, 
it is evident that both real meerschaum and the waste 
may be used, since the cost bf treating and moulding 
the composition for this purpose is considerably less than 
that of the system now used — cutting the articles out of the 
solid. The process used is as follows: — In the first place, 
the meerschaum waste is in any manner converted into a 
fine powder. Next a solution is made, containing 5 parts 
by weight of nitrocellulose and 3—5 parts of camphor, by 
adding a quantity of ether (about 3 parts) and alcohol (about 
1 part), or other liquids in which nitrocellulose dissolves, 
sufficient to produce a viscid mass. The proportions of the 
four constituents here given have yielded excellent results in 
practice. They are not, however, to be regarded as absolute, 
and may be varied within certain limits according to the 
nature of the raw material and of the object to be produced. 

Powdered meerschaum is added to the above solution in 
about the proportion of 100 parts of meerschaum to 5 parts 
of the dissolved nitrocellulose. The whole is then thoroughly 
mixed in any desired manner, and the excess of solvent 
allowed to evaporate by natural or artificial means. The 
mass is next thoroughly powdered ; the powder is the sub- 
stance actually used in making a large number of articles. 
For this purpose it is filled into moulds made of metal or 
other material, and heated to a temperature of 100-120'' C. 



CHAPTER XXX 

MOLASSES 

Utilisation of Molasses. — Molasses are used in the 
manufacture of spirit. The value depends on the per- 
centage of sugar : in order to estimate the value the molasses 
are diluted, say to 18° on an ordinary saccharometer, the 
solution mixed with an excess of yeast at 24-25° C, brought 
into a warm place, and allowed to ferment. If now the 
saccharometer shows 3° unferinented, there was in the 18° 
solution apparently (since the spirit present in the fermented 
liquid affects the saccharometer reading) 15° of sugar; thus 
in molasses which showed 45° originally, 37*5°. In order 
to find the true amount of sugar, the fermented liquid is 
boiled, the alcohol driven off, and the loss in boiling replaced 
by distilled water ; a polariscope reading is again taken, 
when the percentage of sugar indicated by the instrument is 
the true unfermented. For example, if the saccharometer 
shows 19° before fermentation, in the unboiled fermented 
liquid 4°, in the boiled fermented 5|°, then there are really 
13J° fermentable. {Popicldres Handhuch der Spiritus- tind 
Presshefe-Fabrikation, A. Schonberg, 4 th ed., Vienna, 
Hartleben.) 

Molasses consist of sugar, salts, nitrogenous and nitrogen- 
free compounds, alkalis, and alkaline earths. The latter 
hinder fermentation. In order to remove the condition 
which retards fermentation, 0*5-1 '5 per cent, of sulphuric 
acid, as required, is added to the molasses. Molasses are not 
really mashed, but they are somewhat diluted in the mash- 
tun, according to their thickness, and the sulphuric acid, 
previously diluted with water, added. The mixture is then 
heated until the sour smell disappears. Acid is only to be 
used when the molasses have an alkaline reaction ; if this be 
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the case, acid is added until blue litmus paper is coloured a 
weak wine-red. It is advisable to add the water in the 
mash-tun, and to prepare the liquid there, for if the water 
were added in the fermenting vat there would be diflBculty 
in stirring the liquid. The molasses must be intimately 
mixed with water ; and since cold molasses mix with water 
with great difficulty, it is advisable to heat whilst mixing in 
the mash-tun. A cooler is necessary in molasses-works. 
Whether sulphuric or hydrochloric acid is chiefly used 
depends on the success with which the liquid ferments. 
Generally, after neutralisation with sulphuric acid, 1-2 lb. 
of hydrochloric acid are added to a tun containing 90-100 
buckets (say 300 gals.). Many samples of molasses require 
no hydrochloric acid ; those which require it are generally 
the produce of works using beet from wet, heavy soil, 
or from uncultivated ground. As a rule, the quantity of 
hydrochloric acid is 5-10 per cent, of that of the sulphuric 
acid. 

An intense green malt yeast is generally used for molasses 
wort, to which beer yeast or pressed yeast must be added 
every day, since molasses worts have a very heavy fermenta- 
tion ; 1 per cent, of yeast is employed as a rule. It is also 
very advantageous to initiate a very strong preliminary fer- 
mentation. The wort acquires, soon after adding the yeast, 
a layer on the top 3—4 inches thick, below which, if the 
treatment has been successful, a very intense fermentation 
proceeds. The fermenting vessels are filled to within 2—3 
inches of the top, and the wort pitched at 30—44° C. 

If beet juice is available, it is used for diluting the 
molasses. If a vat does not come properly into fermentation, 
it is assisted by an addition of beer yeast or fermenting wort. 
Care should be taken that the fermenting room is always at a 
temperature of 18-20° C. Since these worts rapidly cool, 
and ferment with difficulty, it is necessary to have one or 
two stoves in the room, so that it can be warmed during the 
winter months. 

The spent wash of country distilleries is used as food for 
cattle, partly mixed with other materials ; it is also used as 
manure. In large distilleries the wash is evaporated in the 



UTILISATION OF VINASSE 157 

*' thickening pans," and then brought into calcining furnaces 
built like black-ash furnaces. As a rule three furnaces are 
arranged in steps — one below the other ; the wash is allowed 
to flow from one lo the other, being carbonised in the last. 
According to the quality of the molasses, 11—12 per cent, of 
carbonaceous residue is obtained, containing about 50 per 
cent, of potassium carbonate. The free acid in the wash is 
frequently neutralised with lime ; the sulphate of lime is 
then allowed to deposit, and the wash, after evaporation in 
the pans, brought into the above-mentioned calcining furnace 
ia order to destroy the organic matter. 

When given in large quantities to cattle, molasses wash 
causes sickness. 

If potatoes are to be worked together with molasses, it is 
most convenient to mash the two together, and to mix them in 
the inverting vessel. The prepared molasses wort is run into 
the inverting vessel during the grinding of the potatoes. If, 
however, there is no vessel in which the molasses wort can 
be made, it is done in the inverting vessel, and the ground 
potatoes added. The best proportion is 25 cwt. of potatoes 
to 2 "5— 3 cwt. of molasses of 42°. The manipulation is the 
same as with potato worts, except that the yeast must be 
increased in proportion to the molasses. With these pro- 
portions the wash may be used as fodder without fear. 

C. Vincent has introduced a process for the more 
rational utilisation of vinasse — the residue left after 
distilling the alcohol from fermented beet molasses 
(Chemical News). Formerly the vinasse was calcined in 
open hearth furnaces for the recovery of the potash salts. 
The idea of utilising the gaseous compounds produced in 
this process had been mooted years ago, but has only 
recently been realised by Vincent. In this process the cal- 
cination is performed in cast-iron retorts; the products of 
distillation, which condense at the ordinary temperature (tar 
and ammonia water), are caught, whilst the gaseous products 
are lead away to heat the retorts. The ammonia water is 
practically similar to that obtained in making gas by the dry 
distillation of coal, but contains, in addition to the ordinary 
constituents, methyl alcohol, methyl cyanide, methyl sulphide. 
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and, what is particularly remarkable, a large quantity of 
trimethylamine salts. 

The aqueous alkaline product of the distillation is, 
according to a further account in the Pharmaceutische Zeitung, 
first over-neutralised with sulphuric acid, and then distilled. 
Methyl alcohol comes over ; on cooling, ammonium sulphate 
crystallises from the residue. The mother liquid contains 
much trimethylamine sulphate. 

Trimethylamine has at present no particular commercial 
value; it is, however, very suitable for the production of 
methyl chloride. When trimethylamine hydrochloride is 
heated, it decomposes into ammonia, free trimethylamine, and 
methyl chloride. The decomposition begins when the boiling- 
point of the concentrated mother liquor of the trimethylamine 
salt has reached 260° C, and is complete at 325^0. The 
gaseous products are conducted through hydrochloric acid, which 
retains the alkaline compounds ; after sal-ammoniac has been 
separated from this solution by evaporation and recrystallisa- 
tion, the solution is again subjected to distillation. The 
methyl chloride which passes over, after purification by 
washing with dilute caustic soda solution, is dried by strong 
sulphuric acid, and pumped into iron or copper cylinders closed 
by screw-cocks. The gas is liquefied by pressure in these 
cylinders, in which state it is sold. 

Methyl chloride has two technical applications ; it is very 
suitable for the production of " artificial cold," and it is used 
in manufacturing methylated aniline dye stufifs, which have 
previously been very costly owing to the use of methyl iodide. 
When methyl chloride evaporates, its temperature falls to 
— 13°C. ; but if the rate of evaporation be increased by the 
passage of a current of dry air, the temperature sinks down 
to ^55°C. Methyl chloride is thus an excellent material 
for ice-machines. 

At the large distillery of Tilloy, Delaume, & Co., at 
Courrieres, which was managed by Vincent, 90,000 kilos. 
(90 tons) of molasses were treated daily; 25,000 litres 
(5500 gals.) of pure alcohol of 90° Gay-Lussac were obtained, 
leaving 40 tons of vinasse, which yielded 10,000 kilos. 
(10 tons) of potash salts, and as condensation products, 
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1600 kilos. (32 cwt.) of ammonium sulphate, 100 kilos. 
(2 cwt.) of methyl alcohol, and 1800 kilos. (36 cwt.) of 
concentrated mother liquors of trimethylamine salts ; the 
vinasse also yielded 4000 kilos. (4 tons) of tar, horn which 
360 kilos. (7J cwt.) of oil and 2000 kilos. (2 tons) of 
ammonia water were distilled ofif. 



CHAPTER XXXI 

METAL WASTE 

Recovery of Brass Waste. — In order to separate mixed 
filings, it w£bs usual to carry away the iron and steel by means 
of a magnet held in the hand, when the brass filings remained. 
Vavin, a French engineer, has constructed a machine to shorten 
this tedious operation (Ungineering ; Dingier' s Journ., 197, 
p. 18). It has already been tried in practice, and is made 
by Cail & <3o., of Paris. 

This machine consists of two drums, rotating on their 
axes, and placed one above the other. The surfaces of the 
drums are covered with alternate strips of soft iron and 
copper. Each iron strip is suitably connected with a series 
of horse-shoe magnets, which are so arranged that the one 
pole of the magnet is in contact with one iron strip, the other 
pole with the next. The mixture of metal filings is contained 
in a hopper with a vibrating foot, from which the filings fall 
in a stream nearly as wide as the drum. The iron filings are 
attracted by the iron strips of the drum, which are made 
magnetic, and are carried away by them until they are swept 
ofif into a receiver by a revolving brush. The brass filings and 
a portion of the mixture of the two metals fall upon the 
second drum, which is similar in construction to the upper 
drum, but is so placed that the iron and copper strips are in 
such a position to those on the upper drums that strips of 
dififerent metals always come into the same vertical plane. 
Whilst now the brass filings fall straight oflF, the separating 
process is completed by the iron filings attached to the surface 
being removed by the cylindrical brush on the other side and 
swept into the receiver. The machine is driven by hand or 
from shafting ; it requires a floor space of only 2 ft. 6 in. by 
1 ft. 2 in., and a height of 5 ft. 3 in. 
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The same end is attained in a very simple and economical 
manner at the London and North- Western Eailway Works at 
Crewe, by a process of fusion (Erigineering ; Dingier s Journ.y 
205, p. 384). The mixed iron and brass borings and the 
slags from brass-casting are mixed with limestone, powdered 
coal, and oxide of iron, or hammer scale. This mixture is 
heated, when the brass separates at the bottom of the fluid 
slags, and is run into ingot moulds. 

Bronze Pigments from Alloy Waste. — The manu- 
facturers of imitation gold-leaf employ for this purpose the 
waste obtained in hammering and rolling. In the older pro- 
cesses (JHe Legimngen, A. Krupp: Vienna, Hartleben) the 
waste from the manufacture of imitation gold-leaf is ground 
with honey or gum-arabic solution on a slab by a muller, until 
a perfect mixture is obtained. The paste is brought into 
water, in which the binding medium dissolves, and the 
metallic powder, after drying, subjected to the oxidising 
process. For this purpose the dry powder, mixed with a 
little fat, is brought into a pan and heated over an open fire 
until the mixture has acquired the desired shade. 

At the present time this process has been shortened by 
the use of machinery. The proper alloys to produce certain 
colours, the shade of which can be obtained without oxidising, 
are made by melting together the metals in the correct pro- 
portions. The alloys are then beaten out into very thin 
sheets by hammers driven by steam-power; the sheets are 
converted into powder by bringing them upon fine iron-wire 
sieves, and rubbing them through the meshes of the sieve by a 
wire brush. This rubbing is accomplished under a continuous 
addition of oil; the mass which flows away from the sieve is then 
brought into a grinding-machine of peculiar construction, in 
which the metal particles are very finely ground. The mill 
consists of a steel plate, thickly studded with fine blunt- 
pointed needles, turning over another steel plate. 

The alloys are thus obtained in the form of a very fine 
powder mixed with oil. The mass is first brought into water, 
when the greater part of the oil separates at the surface ; 
then, on subjecting the metallic mass at the bottom of the 
vessel to a very high pressure, almost all the oil is removed. 
11 
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The variety of bronze pigment known as " brocat," consists 
of somewhat coarser pieces of the alloys, which are generally 
obtained from the leaf metal by powdering under stamps and 
separating the pieces of unequal size — first by sieves, after- 
wards by a current of air. One species of " brocat " consists 
only of mica waste ground to fine powder. Many bronzes 
are coloured by aniline dyes, which is accomplished by adding 
a solution of the dye in strong alcohol to the finely ground 
powder, and grinding intimately together. Only dilute solu- 
tions of dyes should be used, otherwise a uniform mixing of 
the mass can only be obtained by very protracted grinding. 

Utilisation of Copper-Wire Waste. — The so-called 
" leonische " wire is made from the finest and purest copper. 
Copper, cement, silver, and gold wire is made. The first has 
no coating; cement wire is coated with brass by exposing 
the copper rods, in a furnace, to zinc vapours. The silver 
wire has a coating of pure silver, and gold wire, a layer of 
gold over the silver. Flattened wire is called ribbon wire or 
tinsel. When these wires are heated, the coating disappears ; 
it sinks into the surface, and the wire then has the appear- 
ance of oxidised copper. When this wire is brought into 
glass tubes, and reduced in a current of hydrogen, it exhibits 
the finest copper colour. The waste of fine silver wire or 
ribbon wire may be advantageously used, according to E. 
Ebermayer, in organic analysis. This fine waste is very soft, 
fills the tubes completely, and easily transmits the current of 
gas. Cement wire naturally cannot be used on account of 
the zinc ; only silver wire should be employed. The stouter 
wires, discoloured silver tinsel, and lump silver may be used 
to produce sulphur dioxide, after which the silver can be 
regained. 

Utilisation of the Residues of Oalvanic Batteries. — 
The copper is first separated from the zinc solution by sus- 
pending scrap zinc in the liquid. The clear, colourless filtered 
liquid is then precipitated with milk of lime, when a useful 
zinc white of fair covering power, containing gypsum, is pro- 
duced. It is particularly applicable as a water colour in 
printing wall-papers, and in distempering. The zinc solution 
may also be boiled with a definite quantity of common salt. 
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when there are obtained good Glauber's salt, suitable for use in 
glassworks, where a small quantity of zinc is not harmful, 
and zinc chloride, which can be used for impregnating 
timber and sleepers, also for producing artificial marble and 
a good lime cement. The zinc solution, on evaporation and 
strong ignition, evolves sulphur dioxide, which may be used 
for bleaching; hard zinc oxide is left, which is admirably 
suited for polishing purposes. 

The copper solution is always too weak to be worked up 
for copper salt, therefore it is best to precipitate the copper 
with zinc, and obtain it in the finely divided state. In order 
to obtain solid copper, the copper mud and granules are 
collected, twice boiled with pure water, mixed with charcoal, 
5 per cent, of soda, and 1 per cent, of borax, and fused to a 
regulus in a strong charcoal fire. 

In order to obtain metallic zinc from the zinc solutions, 
the latter are evaporated to dryness with 10 per cent, of 
powdered coal, and the residue calcined in horizontal retorts ; 
the process is then the same as in zinc-works, ix, the metal 
is distilled. 

Recovery of Waste Nickel. — The following method is 
used in order to recover the waste of rolled or cast nickel 
anodes, and also the nickel sand, which gradually collects at 
the bottom of the cells: — The waste nickel is repeatedly 
washed with clean, hot water, and then boiled in dilute sul- 
phuric acid (1 vol. of acid to 4 vols, of water), until pure 
water, when poured on the nickel, is no longer rendered turbid. 
The nickel scrap or sand is then thoroughly dried and treated 
with strong nitric acid. In this operation care must be used 
to prevent the solution from boiling over; large porcelain 
vessels are used. If the solution begins to crystallise, pure 
water is added, and the mixture heated. The nitric acid 
solution of nickel must contain as little free acid as possible. 
The nickel nitrate is dissolved in hot distilled water, and 
the solution neutralised with pure caustic potash, which is 
cautiously added, a little at a time; the mixture is then 
carefully filtered. The nickel bath obtained in this manner 
acts directly on all metals, producing a hard silver-white 
deposit of nickel. 



CHAPTER XXXII 

BY-PEODUCTS OF THE MANUFACTUEE OF 

MINEEAL WATEES 

Utilisation of the Magnesite Residues. — Magnesium 
sulphate, the by-product of the manufacture, consists of water 
(of crystallisation), 51*2 per cent.; sulphuric acid, 32*1 per 
cent; and magnesia, 16 '7 per cent. The two last con- 
stituents are indispensable plant-foods ; the magnesia, in par- 
ticular, occurs in the seeds of cultivated plants — in grain, 
leguminous plants, etc. — in relatively large quantity. In the 
condition in which it is produced by mineral-water works, 
magnesium sulphate contains 6—7 per cent, of impurity, 
and is therefore, according to Prof. v. d. Goltz, almost equal 
to the pure salt in value for agricultural purposes. Manuring 
plants with magnesia, i.e, with sulphate of magnesia, has 
repeatedly been found successful. It would be advisable to 
mix the salt with an equal quantity of loose earth, and then 
to spread the mixture over the young plants, or over fields 
just beginning to sprout. For leguminous plants, 0*5— 0*75 
cwt. of magnesium sulphate is applied per acre; 1—1*5 cwt, 
lor clover and pasture land. Strewing magnesium sulphate over 
stable manure or dung-heaps is also strongly recommended. 

Luhmann advises the preparation of pure magnesium 
sulphate from this by-product {Die KoUensdure, Vienna, 
Hartleben). Since the salt is not contaminated with other 
soluble salts, but only with small quantities of insoluble 
residue and finely divided calcium sulphate (gypsum), a clear 
concentrated solution of pure magnesium sulphate can be 
obtained by systematic lixiviation. This process is conducted 
in a number of vats, the first of which is filled at the com- 
mencement with a strong solution of the magnesite residue 
in water. After the white precipitate of gypsum has settled 
to the bottom, the clear liquor above is drawn ofif by a syphon, 
and brought into a larger collecting tank. Fresh water is 
added to the gypsum, and stirred with it ; then, after settling, 
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the dilute, clear liquor is drawn oflF and brought into the 
second vat, where it is saturated with magnesium sulphate 
from a fresh portion of magnesite residue. In order to fill 
this vessel completely, a sufficient quantity of water is added 
in dissolving the residue. Water is again brought on to the 
precipitate in the first vat, and the mass stirred. After 
settling, the liquor of the second is transferred to the collect- 
ing vat, and the* now very dilute liquid in the first, to the 
second ; whilst in the third vat a strong solution is made 
from the dilute liquor, water, and fresh magnesite residue. 
The process of lixiviation is thus continued, fresh vats being 
added until the first only contains pure water, and the Baum6 
hydrometer sinks to 0°. The strength of the liquors is esti- 
mated by means of this hydrometer ; magnesium sulphate 
solution, which is saturated at 1 5° C, has a specific gravity of 
1*299 = IG'S'^B. When the hydrometer sinks to 0° in the 
first vessel, the water is drawn off, the gypsum mud removed, 
and a ptrong solution of magnesium sulphate made in it from 
a fresh portion of the residue and dilute liquor ; this vessel 
is now to be regarded as the last of the series. 

The united strong solutions of the salt are evaporated in 
an iron pan until a skin pf salt forms on the surface, or until 
the hydrometer stands at 37°. After the dissolved iron has 
been precipitated by liver of sulphur, the fire is removed 
from under the pan and the liquor allowed to rest for some 
time until it has become clear; it is then drawn oflf by a 
syphon, filtered through a strainer, and brought into a cooler, 
where the salt separates in small crystals in cooling. As 
soon as the salt has formed a layer on the sides of the 
cooler about 3 cm. (1^ in.) thick, the crystals are stirred 
up with a spatula, so that the crystals subsequently formed 
may not be too large or the mass of salt at the bottom 
too hard. After the mother liquor has been run oflf through 
the bung-hole of the cooler and brought back into the pan, 
the mass of crystals is piled up on a capacious drainer and 
finally dried on gratings in a drying-stove. The iron pan 
is then again filled with the cold saturated solution of 
magnesium sulphate from the lixiviating tanks, in order to 
prepare a fresh portion of the crystalline salt. 



CHAPTER XXXIII 

FEUIT 

Conversion of Fruit into Jelly. — Several recipes for 
this process are given in the following pages (Lucas, Die 
Ohsfbeniltzung, Deutsche allg, Zeits, f, Landw,, No. 26). 

Eecipe of Siemens, of Hohenheim : Pears are crushed and 
pressed, the fresh sweet juice is boiled down to one-third of 
its volume in a clean copper pan, the scum removed, and the 
liquid cooled ; it is then strained through washed flannel. 
Whilst this is being done, about the same quantity of apples 
as of pears is well boiled with only a little water. The 
apples have previously been washed clean, but not pared or 
cut. When boiled soft they are rubbed through a hair-sieve 
of average mesh by means of a stiff brush, in order to separate 
the pulp from the skins and cores. The apple pulp is then 
mixed with the purified pear juice in the pan, and the two 
boiled together under constant stirring, until the mass adheres 
to a spoon in large lumps and, on cooling, has the consistency 
of a stifiF paste. A slight addition of lemon peel, cinnamon, 
and cloves improves the flavour. In order to give the jelly 
a fine colour, about 0*5 litre of bilberry or elderberry juice 
is added to 100 kilos. (1 lb. to 200 lb.); a few green 
walnuts are also suitable. 

All the jelly, whilst still hot, must be brought into the 
vessels in which it is to be kept ; these, which are previously 
warmed, are best of earthenware ; the jelly should not again 
be disturbed before use. When the jars are full, it is 
advisable to bring them for some time into a very hot room, 
e,g, a baking oven, so that the jelly becomes covered with 
a very thick, hard crust. In order to protect the surface 
from the entry of air, the jars are to be closed by a moist 
bladder. They should be kept in a dry place, not too warm. 
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For fruit jelly, all our sweet or less acid summer and 
autumn pears are suitable ; of apples, baking apples, " rose 
apples," and other varieties ripening in the autumn. There 
need be no hesitation in using sourish-sweet or sweetish-sour 
apples, but a moderate addition of sugar is requisite. It 
seems to be established that the jelly from pure sweet apples 
and pear juice keeps longer than that in which sour apples 
were used. 

Eecipe for Lower Ehine fruit jelly : Equal parts of apples 
and common beet are separately half-boiled, then brought 
under a press together and the juice squeezed out. This 
juice is then placed on the fire and boiled down to a thick 
jelly. Pears may also be used without any dififerent treat- 
ment being necessary : the juice is brought into a condition 
suitable for boiling, then freed from stalks, skins, cores, etc., 
and evaporated until it becomes a solid mass. 

Sweet apples are generally used for such apple jelly ; two 
of the best varieties are the hdrteling, which is the most 
productive apple for jelly, and produces 15—18 per cent, of 
jelly, and the kernling, Neither freezes readily ; they are 
kept through the winter on the ground in the open, later 
they are squeezed and boiled down to jelly. The fruit 
mui^t be ripe for storing, if it is to produce an abundance of 
fine jelly. 

Manufacture of pure beet jelly, especially valuable in 
poor fruit-growing districts and in districts in which there 
has been a bad season : The apparatus next described and the 
manipulations may also be used for pure fruit jellies. After 
the beet has been freed from the cluster of leaves, it is washed 
in large tubs, or, better, in rotating lathwork drums ; it then 
goes into a round copper pan, widening out above, in which 
it is boiled. In order to prevent burning to the bottom, 
it is well to provide the pan with a false bottom of strong 
wire cloth. During boiling the beet must be continuously 
beaten and stirred to pieces. The size of the pan is arranged 
according to the quantity of beet to be worked. The quantity 
of water is 8 litres to 100 kilos, of beet (1 gal. to 125 lb.). 
The beet, boiled and broken down, is then shovelled with iron 
spades into the press tub, which is provided with a grating 
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or false bottom, so that the sap can readily flow away. This 
grating and the sides of the tub are lined with filter-cloth, 
which is also placed between the layers of beet pulp at intervals 
of about six inches ; old cofifee-bags may be employed in place 
of the filter-cloth. When all the contents of the pan have 
been introduced, they are covered over with filter-cloth, the 
wooden cover is put in position, and the vessel subjected to 
the action of (hydraulic) pressure. The expressed juice runs 
into a receiver, from which it is pumped back into the pan. 
The pan which was used for the first process may now be 
used for boiling down the juice, or, on a larger scale, a second 
pan may be employed, but in the former case the pan must 
be very carefully cleaned — scoured with sharp sand. . The 
evaporation then proceeds regularly; towards the end it is 
better to add a little oil or lard, in order to prevent frothing 
aiid burning to the bottom ; the fire is also slackened. The 
consistency of the syrup is judged by the " thread " test : 
it is stifif enough when a thread 5 cm. (2 in.) long can 
be drawn out between the index finger and thumb. A small 
spoonful of the syrup may also be placed in a shallow iron 
vessel and cooled in cold water, when the consistency may 
be judged. One press is required for every two pans, one 
of which is used for boiling the beet, the other for thicken- 
ing the juice. The whole process requires on the average 
a period of seven working hours. The finished jelly is, as 
a rule, first brought into earthenware pots, and then, when 
it has half-cooled, into the vessels in which it is to be 
kept. 

The utilisation of fallen fruit has been treated by a 
practical fruit-grower {Praktischer Bathgeber im Ohst- unci 
Gartenhau, 1898): — In the first place, it is not desirable to 
allow any fallen apples to spoil. The author collected the 
fallen apples in July, boiled them soft with much water, 
and then stirred up to a paste in order subsequently to obtain 
a jelly. The mass, which was obtained from quite green, unripe 
apples, had a very unpromising appearance ; however, the re- 
quisite sugar was added. The whole process therefore was : — 
The unripe apples were cleaned, brought into the boiling-pan, 
water added to cover them, and the contents then boiled and 
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stirred until a fluid paste was produced. This paste was 
transferred to a coarse linen cloth and allowed to drain. 
The juice was then boiled with sugar to a jelly : 400 grms. 
of sugar to 1 litre of syrup* (4 lb. to 1 gal.), boiled about 
forty-five minutes. This jelly from unripe apples has a fine 
red-gold colour and a good flavour; its cost is quite low — 
1 lb. costs not quite threepence. 



CHAPTER XXXIV 

THE BY-PEODUCTS OF PAPEE AND PAPEE-PULP 

WOEKS 

Utilisation of Waste Matters in Paper and Paper-Pulp 
Works. — The waste waters, produced in boiling, washing, 
bleaching, in the paper-machine and also in certain sub- 
sidiary operations, constitute the greater part of the by- 
products and require the most attention (J. B. Hohn, 
Anzeiger fur Pajpierindustrie, 1894). Fibres of all kinds, 
fine suspended mineral and vegetable compounds, colours in 
solution, and the many different chemicals, constitute the 
impurities and the materials carried away in the waters. 
The most valuable of these substances are the fibres which 
originate in the various raw materials. In order to retain 
them, pulp-catchers of the most varied construction, settling 
tanks, and also filters are used. The most convenient and 
cheapest process consists in first allowing the waste waters 
to pass a good pulp-catcher and then to deposit in settling- 
tanks of suflBcient size, of which several must always be 
provided, for alternate use and cleaning. They should also 
be so arranged that the water can rise through a considerable 
distance and flow away smoothly over a considerable breadth, 
so that everything may be deposited in the almost motionless 
water. The separate compartments should be emptied at not 
too great intervals, since, in consequence of the presence of 
the various organic matters in the deposit, decomposition may 
readily set in, which would also attack the fibres, making 
them lose strength, or even quite destroying them. The 
regained material is especially suitable for grey or dark 
packing paper. Since it consists of the finest fibres, it should 
not require the least preparation, but can at once be intro- 
duced in the paper-machine. If suitable papers are not 
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made, this recovered fibre can readily be sold at a good price 
to pasteboard-makers. In order to make it suitable for 
transport, it is pressed. The waste waters of cellulose works 
in particular carry away much good pulp, so that some 
arrangement of the kind described is very essential. As regards 
the separate divisions of the manufacture from which the 
waste waters are derived, the liquors of the rag-boiler are 
first to be considered ; they contain so little fibre, that they 
may be excluded from the fibre recovery. On the other 
hand, they are very rich in nitrogen, which results from the 
fat, perspiration, and other matters extracted from the rags, 
and since they also contain lime they produce an excellent 
fertiliser. For this purpose they are run into a pit, from 
which they can be withdrawn as required. The offensive 
odour is removed by gypsum, which also results from by- 
products. These waters may also be used for moistening 
the heaps of fertilisers which are composed of other waste 
^products. 

The waste liquors of cellulose works are of different 
composition according as soda- or sulphite-cellulose is made. 
In the former case the usual method for regaining the soda 
is employed, in which the very dilute liquors, which cannot 
profitably be calcined, are used to dissolve fresh portions of 
soda. For sulphite liquors there is not yet known a really 
useful and practicable process of recovery or of further 
treatment, in order to obtain tannic acid, sugar, or other 
substances. They can, however, generally very well be used 
for manurial purposes, after the free acid has been neutralised 
by alkaline or lime waste, which is always simultaneously 
produced. This is an inexpensive process, if conducted as 
mentioned above for the liquors from the rag- boiler. Where it 
has been tried, it has been found that all the liquors could be 
disposed of in this manner, and thus the nuisance of the waste 
waters quite removed. Also this liquor, in consequence of 
the bisulphite and tannic acid it contains, is an excellent 
substitute for alum and sulphate of alumina in rosin sizing. 
It may also very well be used for brown and black colours. 

The waters from the beating-engine are those from which 
it is most important to recover the fibre. Those from the 
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paper-machine, however, which also contain clay, size, 
colouring-matters, and the like, in order to utilise these 
substances as far as possible, are best used over again 
several times . by taking them back repeatedly to fill the 
beating-engine, to dissolve starch and clay, or to the rag- 
boiler. Since a certain quantity of water can only take 
up a certain quantity of foreign matter under given condi- 
tions, it is easily seen that the loss is considerably reduced in 
this manner. The composition of the paper is naturally 
very important. With paper which is not sized, coloured, or 
weighted, such a mode of treatment is unnecessary. In the 
case of the water from highly coloured paper, which would 
strongly contaminate the river into which it flowed, it would 
be advisable to beat and wash the rags from the boiler with 
it, by which means the colouring matter would be partially 
fixed and partially destroyed. The bleaching-powder residue 
is also to be considered along with the waste waters. 
It cannot be employed as manure. It is best collected in a 
pit and converted by stirring with soda solution into calcium 
carbonate, or with sulphuric acid into gypsum, both of which 
may be employed as fertilisers, especially when mixed with 
the above-mentioned liquors, or they may be used as fillers 
if the residue was pure. Carbonate of lime, which is less 
suitable for use as a filler, may be converted into quicklime 
in a small limekiln. 

Of less importance are the residues of rosin, colour, and 
china clay, but if they have accumulated or are produced in 
large quantity, they are mixed, allowed to dry in the air, 
ground with a suitable filler on an edge-runner mill, and used 
as a substitute for earth pigments for common papers. An 
excellent earth pigment, as a substitute for dark ochres and 
umber, may be obtained in sulphite-cellulose works by treating 
the burnt or spent pyrites, which consists to a great extent 
of ferric oxide. The material is first broken up under 
stamps to a hazel-nut size, the finer portion sieved ofif and 
levigated. There results a very fine, soft colour of great 
staining power. In view of the quality of the material, the 
levigating apparatus may be of very primitive construction, 
the cost of working consists only of the labour, and the 
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process is very remunerative. The larger pieces of the 
burnt pyrites which remain are composed mostly of un- 
burnt pyrites and are taken back to the furnace. 

The grey arsenic sublimate is to be regarded as an 
unimportant by-product of cellulose works ; it is deposited in 
the gas flues, and is generally disposed of in the wash waters. 
This is a grievous wrong to the fish, for it is harmful at very 
great dilutions — far more so than all the waste liquors. The 
deposit is formed in the pipes in solid form, so that it 
can readily be collected ; in large parcels it always finds 
purchasers. As a result of the frequent blowpipe solderings, 
there is gradually formed in the gas-producing apparatus a 
residue of cadmium, an uncommon and dear metal which, in all 
other branches of industry, is collected for utilisation. Finally, 
calcium monosulphite and gypsum separate from the sulphite 
liquor on standing, and also on boiling. The former can be 
used as a solid "antichlor," when it is converted into gypsum, or 
it may be mixed with the fertilisers already mentioned ; also 
it may be converted by sulphuric acid or a warm solution 
of sodium sulphate into gypsum, or by soda into calcium 
carbonate, in which last case it is again used in preparing 
fresh boiling liquor ; it is also used for this purpose without 
treatment, but since it is not finely divided, but is generally 
caked together and encrusted, it has not been found very 
suitable. 

The residues of the soda recovery, i,e, of causticising, in 
the soda-cellulose works are of particular importance — in the 
first place, because of their great quantity. This by-product 
consists essentially of carbonate of lime, contaminated by soda, 
carbon, and other matters. It is best utilised by burning 
after it has dried to a certain extent ; the requisite quicklime 
is thus re-obtained. In consequence of the large quantity to 
be dealt with, continuous working is necessary, and thus fresh 
lime is continually produced. For conversion into gypsum, 
the by-product is treated with sulphuric acid ; the soda salt 
must be completely neutralised if the gypsum is to be used 
as a fertiliser. 

Certain by-products, which do not come in contact with 
water, are produced in wood-pulp and cellulose factories, viz. 
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the waste — sawdust, bark, and other pieces of wood — obtained 
in cutting and dressing the wood. The sawdust constitutes 
an excellent fuel when burnt in specially constructed grates ; 
the bark is used as litter for cattle, and is in demand for this 
purpose by farmers. The two substances together can be 
worked into a species of cellulose, an operation which is 
only found profitable when conducted in boilers specially 
constructed for the purpose. Chance pieces of bark, larger 
pieces of wood, the waste from the grinding apparatus, and 
the dust from the sieves cannot profitably be separately 
treated. 

The last waste product to be mentioned, but the first in 
the actual manufacture, is the rag dust, which by itself con- 
stitutes an excellent fertiliser. The fibre it contains may be 
regained by stirring with water and running off the liquid 
after a short time, when the fibre is carried away, but the 
dust, sand, and all heavier particles remain behind. 

The damaged paper is also to be reckoned as a by- 
product. It is unnecessary to say anything concerning its 
utilisation ; it is always produced in every process ; it is only 
mentioned as an example to demonstrate that the further 
treatment of waste matters is always profitable, and occasion- 
ally very profitable. Such utilisation, an important factor 
in the balance sheet of a paper or paper-pulp works, must 
increase in importance in view of the present low prices. 



CHAPTER XXXV 

BY-PRODUCTS IN THE TREATMENT OF COAL- 
TAR OILS 

Utilisation of the By-Products. — The caustic soda 
solution used in refining oils contains creosote, which is 
partly used directly as soda-creosote for impregnating mine 
timbers, and is partly worked up into carbolic acid. For this 
purpose the liquors are mixed with the sulphuric acid, which 
has also been used for refining the oils, until the reaction is 
strongly acid. In this case, acid sodium sulphate is pro- 
duced, which is more soluble, and less hinders the separation 
of the creosote than the more difficultly soluble neutral salt. 
The salt liquor is set aside to crystallise, and the separated 
salt sold to soda or glass-works. 

In decomposing with carbonic acid, which, according to L. 
Grotowsky {Zeits.f, Paraffin Ind,\ also see p. 186), is obtained 
from burning coal, the mixture of soda-creosote and water in 
equal parts must be cold. Carbonic acid is passed in until 
the liquid is saturated and froths up violently for about an 
hour. The separated soda solution is evaporated to dryness, 
ignited, dissolved in water, causticised with lime, the caustic 
liquor drawn ofif from the chalk mud, and concentrated to 
35-38** B. The caustic soda solution thus obtained still 
contains impurities, and can only be used to separate the 
creosote from crude oils. 

. The creosote, separated by one or the other process, after 
washing with water, may be brought into the market; it is used 
for soaking telegraph poles, railway sleepers, etc., also as a 
disinfectant. When distilled, it gives a fluid oil of 0*965 
specific gravity and with a strong odour, which is used as a 
disinfectant under the name of creosote oil, or in the manu- 
facture of phenol dyes. By repeated solution in caustic soda, 
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decomposition with sulphuric acid, distillation over iron filings, 
and finally over green vitriol, a quite white oil is obtained. 
The substance produced under the name of creosote by the 
mineral oil works in Saxony is, according to Grotowsky, simply 
phenol and cresol. 

The acid resin drawn off from the refining apparatus is 
mixed with hot water in suitable vessels, and washed by direct 
steam ; on standing the empyreumatic resin separates out at the 
top. The recovered acid, which is coloured black by organic 
matter, is sold at a strength of 40-50*" B. to superphosphate 
works, where it is used for dissolving phosphates and bones. 
The resin is well washed, mixed with any unutilised creosote, 
and subjected to distillation, when, according as tar or pitch 
is required, little or much creosote oil is distilled off. 

The bone black used in refining paraffin is boiled out 
with water, then heated in horizontal retorts to drive off the 
residual paraffin, and finally converted into superphosphate. 



CHAPTEK XXXVI 

FUR WASTE 

Utilisation of Furriers* Waste. — Furriers produce a 
quantity of waste, which can only, partially be employed, by 
neat and careful joining, to produce fur articles. A large pro- 
portion of the smallest cuttings constitutes valuable material 
for the hatmaker. No furrier, when cutting, should neglect to 
have at his side a small basket, into which the clippings can 
be thrown; otherwise, after first being dirtied on the floor, 
they have to be sorted out from other cuttings of all kinds. 
The waste pieces may be utilised as described below. 

The waste grey pieces of monkey fur are used to fill the 
star-shaped and round mosaic fur covers of opera-baskets. 

The feet and heads of astrachan, carefully fitted together, 
afford a material for covering gloves and hunting-mittens. 

Pieces of bear-skin of all kinds are in great demand by 
brushmakers. 

Cuttings of beaver and musk, even the smallest) are 
sought after by hatmakers at a good price. The forehead 
pieces of beaver-skins, placed together with the hairy side out- 
wards, may be well used as trimmings on furs ; larger pieces 
are very suitable for caps. The heads of musk, with the 
eyes and ears taken out by two cuts going from the eye over 
the ear, cut into triangular shape and joined together star- 
wise, may be used for linings, as also may the short ends. 

Long-haired pieces of badger, such, for example, as are 
cut out of the middle in making covers for knapsacks, are 
highly prized by brushmakers. 

Fox : the tails are used in making boas, and are also the 
most valuable material for ornamenting opera-baskets, foot- 
warmers, gloves, etc. 

Goose and swan : the feathers are plucked from the waste 
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pieces and used for stuffing mufifs. Powder-pufifs may be 
made from the larger side pieces. 

Grebe : wings joined to heads, or half small wings, make 
handsome ornaments for bonnets of seal and rabbit-skin, or 
of seal and musk. 

Hare : the ears of hares are frequently set together, i.e, 
stitched near together on linen, and used in making hunting- 
mittens and caps. This process is, however, not to be recom- 
mended. The hatmaker takes all the rest, with the exception 
of the black pieces, which may occasionally be sold to toy- 
makers. 

Ermine scraps are frequently bought in order to make 
imitation tips ; but this is only done when the pieces are 
fine and of good size, and ermine skins are very dear. 

Polecat : the scraps are bought by the Greeks to make 
linings ; the heads, when preserved, on account of the ex- 
pression, are used for ornamenting hunting-muffs ; also, when 
cut into triangular pieces, for the mosaic covers of opera- 
baskets. The tails are used in brushmaking. 

Rabbit-skins : the heads of large skins are put together 
to make wristbands, those of small skins for trimmings. Large 
sides may often be put together to make collars. All the 
rest, with the exception of the black portions, is used by the 
hatmakers. 

Cat-skins produce little waste. Good cat-skins when 
damaged may be used as tips in white rabbit muffs. Tails 
are practically of no value. 

Lynx : the feet may be made into cheap trimmings. 
There is practically no other waste. 

Marten : the foreheads may be used for the mosaic covers 
of opera-baskets, as also the throats, which may be used 
together with the feet for linings similar to sable, but 
heavier. The tails are used for decorating ornaments, and 
also in brushmaking. 

Mink : the cuttings are put together by the Greeks ; the 
tails, like those of the marten, are used for ornamenting ladies' 
trimmings, and for borders. The foreheads are also used for 
making the fur covers of opera-baskets. 

Otter: fine material for hatmaking, but generally put 
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together by the furrier, plucked, and dyed. The tails, when 
put together, form handsome and durable hunting-mufifs. 

Sea-otter : good pieces are highly prized ; in Bussia they 
are principally joined together for cap linings. 

Sheep-skins : large pieces are joined together for lining 
opera-baskets. 

Eaccoon : the hairy sides are joined together for sleeves, 
or even for fur linings ; the heads are used for trimmings 
on black fur with raccoon borders ; the tails give durable 
trimmings. 

Sealskin pieces are valuable. In England the smallest 
are joined together for caps, etc. 

Skunk : the tails are bought by brushmakers. The white 
and black foreheads, properly joined together, and often 
worked in with triangular pieces of black cat-skin, make very 
handsome trimmings, especially for fox-skin. 

Goat-skin waste is bought by brushmakers. 

The Waste of Tanned Sheep and Lamb-Skins, as pro- 
duced in the clothing industry, is mainly utilised by shaving 
off the wool, which is used in cloth-making, whilst the leather 
is bought by makers of prussiate of potash, hide-glue, and 
artificial manures. Gawalowski has discovered a method 
which makes it possible not only to separate the wool from 
the leather in its original length and without loss of strength 
for spinning and textile purposes, but also, when possible, to 
obtain the leather in a commercially useful form. 

If the skins are immersed in a moderately strong solution 
of caustic potash or soda, the wool hairs are in a short time 
entirely dissolved, and there remains a bare, slippery hide, 
which, after well washing with water, is an excellent raw 
material for the manufacture of prussiate of potash or glue. 
Since the wool is entirely dissolved in the alkaline solution, 
the latter can be used for the preparation of ammonia, and 
especially for " animalising '' vegetable fabrics, so that they 
may dye more rapidly. This process may be applied in the 
manufacture of jute carpets, and in weaving jute tapestries 
and hangings. 

If the skins are immersed in strong ammonia, the leather 
is attacked in such a manner that, on taking out after an 
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immersion of some duration and drying, first in the air, then 
at 30-40° C, it is now in the form of somewhat friable 
pieces of skin. It is then only necessary to bring the wool 
into a tearing or beating machine, and next to card it, in 
order to obtain, on the one hand, the wool entirely as a 
good textile material, and, on the other, the leather waste in 
the form of a hide powder, which, like flesh-meal and bone- 
meal, is an excellent fertiliser. 

If the skins are immersed in a moderately strong solution 
of an alkaline carbonate — carbonate of potash, etc. — the hide 
swells up considerably in two to five days, when the wool can 
be easily and completely separated by suitable apparatus from 
the moist and pliable skin, so that, on the one hand, there 
results a leather waste, as in the first method, and, on the 
other, wool exactly as in the second method. This last pro- 
cess, accordingly, unites the advantages of the former methods, 
it is the most simple and most lucrative, and also, up to the 
stage of the mechanical separation of the wool, the cheapest. 
Prussiate of potash works, which work up " dry liquor " into 
black potash, may combine this minor industry with their 
main process in a rational and lucrative manner, since the 
leather is an excellent material for adding to the melt, and 
their black potash is already obtained containing nitrogen. 
The saleable wool will then produce a not inconsiderable 
profit. 



CHAPTER XXXVII 

THE WASTE PRODUCED IN THE MANUFACTURE 

OF PARCHMENT PAPER 

Utilisation of Parchment Paper Waste. — C. D. Cech 
has given an account of the utilisation of the waste from 
parchment paper works in the preparation of oxalic acid. 
He remarks that the chief attention in making oxalic acid 
from parchment paper waste must be devoted to a thorough 
washing of the latter. According to the method of manu- 
facturing oxalic acid introduced by Roberts, Dale, & Co., of 
Warrington, by fusing sawdust with caustic potash (see p. 
110), parchment paper waste must not only give a suflBcient 
yield of oxalic acid, but its preparation from this material 
would not be affected by the colouring matters which arise in 
the treatment of hard woods. 

The process of manufacture is the same as in the pre- 
paration of oxalic acid from sawdust (compare the details of 
this application of sawdust). J, Upmann (Post's Zeits, /. d., 
chem, Grossgew., II. 4) remarks, in regard to Cech's proposal, 
that the process of converting cellulose into oxalic acid by 
fusion with alkali is not new, since it had already been 
confirmed by experiments on the small scale, before the 
introduction of the present usual method of making oxalic 
acid ; on the other hand, it cannot be denied that there had 
been no previous published proposal to utilise cellulose in this 
manner. Now, Upjiiann considers that whether parchment 
paper waste may really be a suitable substance to replace 
sawdust cannot be decided a priori, since, apart from the 
question whether sufficient raw material could be obtained, 
it would have to be compressed for transport to a distance : 
and the complete washing would be attended with more 
difficulty than would be believed at first sight. Also, the 
subsequent drying of the paper could not well be obviated ; 
thus there would be an expense which is lacking in the case 
of sawdust, but which might be compensated by a larger yield 
of oxalic acid. 
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CHAPTER XXXVIII 

MOTHER-OF-PEAEL WASTE 

Utilisation of the Waste of Button-Making. — A sub- 
stance, which formerly could not be utilised, is the lining cut 
out by button-makers from the shells, the innermost layer 
of which is the so-called " mother-of-pearl." The suggestion 
was made to turn this waste into a fine powder, when a soft 
bronze powder, of a silky, metallic lustre, was obtained, which 
can be employed in many ways, especially since it can be 
coloured to any shade. The pulverisation of the mother-of- 
pearl waste is accomplished in the same manner as that of 
wood which is to be worked up into wood-pulp ; i.e. the 
waste is ground by a suitable rotating grindstone, in such a 
manner that it is first beaten to pieces, and then brought into 
a cylinder, in which it is pressed on the grindstone by means 
of a piston. The powdered mother-of-pearl obtained in this 
manner is then levigated, and, after drying, brought on the 
market, with or without previous dyeing. In order to con- 
vert mother-of-pearl into a glittering powder, suitable for 
makers of artificial flowers, the shells are first treated in 
closed vessels with high pressure steam, after which they can 
readily be powdered. The use of this powder in making 
wall papers is also said to be profitable : for 1 sq. metre there 
is required 3*5 grms. ; thus, for a roll of paper 9*5 X 0*5 
metre (31 ft. x 20 in.) there would be required about 
14 grms. (J oz.) of powdered mother-of-pearl, the cost of 
which is 1 pfennig per grm., or 10 marks per kilo. (4s. 5d. 
per lb.). The chemical works of M. Hess, at Neufunfhaus, 
Vienna, produce " pearl silver." 
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CHAPTER XXXIX 

PETROLEUM RESIDUES 

Preparation of a Resin-like Substance from the Sul- 
phuric Acid used in Refining Petroleum. — W. R Jenny, 
of Boston, has obtained a patent for the preparation of a 
substance similar to resin from the waste sulphuric acid of 
petroleum- refining. The sulphuric acid, which has been used 
for refining petroleum or shale oil, is mixed with an equal 
volume of water, when two layers form ; the upper consists 
of a thick oil of objectionable odour, the lower of dilute sul- 
phuric acid. The oil is repeatedly washed with boiling water, 
finally with the addition of a little soda, and is then distilled. 
After the oil distilling below 250° C. has come over, a 
current of air \s blown by means of a suitable arrangement 
for forty-eight hours through the residual oil, the operation 
being conducted in the retort used for the distillation. Dur- 
ing this process the oxygen of the air is eagerly absorbed by 
the oil, which, on cooling, solidifies to a deep brown mass 
similar to resin. 

Another method for obtaining this resin consists in heat- 
ing the residual acid, which contains the oil in solution, for 
several days at 100— 150° C, until a test portion sinks when 
poured into water. The mass is then poured into water 
and washed with a large quantity of water, or, if necessary, 
an equal volume of petroleum ether is first added. In the 
former case the resin separates on the bottom of the washing 
vessel ; in the latter case it remains dissolved in the naphtha, 
and floats on the surface of the acid. 

The product, which is of a more or less hard nature 
according to the extent of the oxidation, is insoluble in water, 
alkalis, and alcohol, but dissolves readily in all fats, animal 
and vegetable oils, naphtha, benzol, chloroform, ether, carbon 
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bisulphide, amyl alcohol, spirits of turpentine, and in sul- 
phuric acid of 66° B. When melted with gutta-percha or 
caoutchouc in varying proportions, it forms an elastic sub- 
stance which can be used for insulating purposes. 

Tar and other Products from Petroleum Residues. — 
Letny has investigated the composition of the tar obtained 
in making illuminating gas from petroleum residues {Polyt, 
Journ.y 229, p. 353 ; Post's Zeits, f. d, chem, Grossgew,, III. 
30, 244, 506). In this method of making gas the petroleum 
residues are subjected to dry distillation in retorts filled with 
wood, when they produce illuminating gas and a tar of 
specific gravity 1*0 15. If the latter is taken through the 
retorts a second time, only a very small quantity of gas is 
produced, and the tar is but little altered ; it has now the 
specific gravity of 1*207, and possesses all the properties of 
coal-tar. It begins to distil at 80° C, and gives fluid dis- 
tillates below 200° C. ; at higher temperature solid sub- 
stances are formed, but later, above 300° C, oils again come 
over, which, however, separate crystalline compounds. A 
more exact examination of the distillate gave — below 200° C, 
13*9 per cent., containing 46 per cent, of t|pnzene, 5*2 per 
cent, of toluene and xylene; from 200-270° C, 26*9 per 
cent.; from 270-340° C, 8*6 per cent., containing naph- 
thalene, cumene, and petroleum ; above 340° C, 27*5 per 
cent., containing 3*1 per cent, of pure anthracene ; the 
residue in the retort was 20*6 per cent. 

This tar affords the possibility of utilising the petroleum 
residues in districts, which are rich in petroleum, to produce 
substances which can be used in the manufacture of aniline 
dyes and alizarine. The quantity of petroleum residues 
produced in Eussia alone was estimated by Letny at 98,000 
tons in the year 1878. Of this only a small portion was 
used for heating the distilling apparatus, another portion 
went into the interior of Russia for gas-making, whilst more 
than half remained, and was burnt up outside the works, owing 
to lack of storage. There is no doubt that the future will 
find in these petroleum residues a valuable material for the 
production of aniline, alizarine, etc. 

In order to ascertain the conditions most favourable to 
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the formation of tar, petroleum residue of specific gravity 
0*872, and boiling at 270° C, was passed through red-hot 
iron pipes 1"24 metres (4 ft. 1 in.) long and 5 cms. 
(2 in.) wide, filled with carbon. Irregular heating gives 
rise to very different results. In one case 100 grms. gave 
23*9 grms. of tar and 30*1 litres of gas; in another experi- 
ment 46*4 grms. of tar and 59 litres of gas. At higher 
temperatures the yield of gas was higher — up to a certain 
temperature, above wjiich the yield again became less. With- 
out carbon the decomposition in the pipes proceeded irregu- 
larly, until carbonaceous deposits had formed from the 
petroleum decomposed, which deposits then facilitated the 
decomposition. The action is the same when the pipe is 
filled with broken brick, asbestos, etc. Very porous carbon, 
platinised, was still better than ordinary carbon ; those sub- 
stances which most readily absorb gases cause the production 
of the most tar. If the tar produced be again passed through 
the pipe under pressure it is considerably decomposed, carbon 
being deposited. Without increase of pressure, however, it 
sufifers practically no alteration. The specific gravity of the tar 
never exceeds 0*8889 ; it contains a mixture of amylene and 
benzene, 6*28 per cent.; benzene, 12*56 per cent.; toluene, 
10*5 per cent. ; mixture of toluene and xylene, 6*8 per 
cent., — in all, 52*5 per cent, boiling below 320° C, and 35*0 
per cent, above 320° C. Solid hydrocarbons, such as naph- 
thalene and anthracene, could not be detected, which is 
ascribed by Letny to the fact that the petroleum vapours 
have passed through too short a layer of carbon. In fact, 
when gas retorts are used, the yield of tar is lower the less 
coal is present in the retorts ; accordingly, the quantitative 
yield of tar, and the percentage of solid hydrocarbons in it, 
is proportional to the dimensions of the layer of carbon 
through which the petroleum vapour is passed. In working 
on the small scale, amylene, hexylene, etc., were always 
formed ; but not when gas retorts were used. Steam passed 
through the retort together with the petroleum residues was 
without action ; and, on the other hand, by the application of 
pressure the yield of tar was always reduced. Similarly to the 
tar, the gas differed in composition according as it was made 
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on the large or small scale. In the latter ease it contained, 
in addition to hydrogen and marsh gas, ethylene, propylene, 
butylene, acetylene, and crotonylene. 

Petroleum Residues as Fuel for Cupola Furnaces. — 

The introduction of pulverised fuel in cupola furnace practice 
eflTects, on the one hand, the oxidising action of the excess of 
blast, and, on the other hand, prevents the formation of pro- 
tuberances on the tuyeres, and the attendant inconveniences. 
The carbon deposited on the walls of .gas-retorts, and the 
residues obtained in petroleum refining, are the most suitable 
fuels to be used in the pulverised state, since they are com- 
pletely free from ash. W. Batty, of New York, injects these 
substances, in a state of fine dust, with the blast, and obtains 
the following advantages : — (1) The whole of the oxygen, as 
it enters the zone of fusion, can at once combine with carbon, 
by which means a powerful neutral or reducing flame is pro- 
duced; — the quantity of carbon introduced can readily be 
regulated as may be necessary ; (2) the iron becomes hotter, 
and instead of oxidation occurring through the presence of 
an excess of air, the iron readily takes up carbon in the 
atmosphere of carbonic oxide impregnated with heated carbon ; 
(3) in consequence of the higher temperature, the slag is more 
fluid ; hence (4) the formation of protuberances on the tuyeres 
is avoided ; (5) the loss of metal is lower. On account of the 
partial carbonisation of the iron, the possibility of selecting 
scrap-iron, which is, as far as possible, free from sulphur and 
phosphorus, is of especial importance to the quality of the 
castings. 

Utilisation of the By-Products and Chemicals of 
Mineral Oil Works. — Grotowsky has made certain note- 
worthy observations on this subject (Post's Zeits, /. d, chem. 
Grossgew.y III. 2, p. 345), according to which the carbolic acid 
may be separated from the so-called creosote-soda, produced 
in refining the crude oils, either by means of the dilute 
sulphuric acid, also produced in refining, or by means of 
carbonic acid made for the purpose. In the former case 
Glauber's salt, in the latter soda, or, in the event of again 
causticising by lime, caustic soda, are produced. The 
separated carbolic acid is either merely washed with water 
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and then brought into the market to be used for disinfecting 
purposes and for saturating wood, or it is converted by dis- 
tillation into the so-called creosote oil. The latter is then 
used for making phenol dyes or for disinfection. By repeated 
solution in caustic soda, decomposition by sulphuric acid, dis- 
tillation over iron filings, and finally over green vitriol, a quite 
pure pale oil is. obtained. The empyreumatic resin, which 
dissolves in the sulphuric acid during refining, is separated 
from the acid again by high-pressure steam. The dilute 
sulphuric acid then obtained may be applied in the manu- 
facture of superphosphate, or as indicated above. The 
separated empyreumatic resin is washed with water and 
subjected to distillation either alone or together with creosote. 
In the distillation more or less is removed according to the 
purpose for which the product is intended : in the case of tar 
for roofing felt, only until the residue forms a stiff paste, 
but for asphalt, to be used as the binding medium for coal 
briquettes, until the mass, when cold, has a shining, brittle 
fracture. 



CHAPTER XL 

PLATINUM RESIDUES 

1. The Residue which remains after Treating the 
Crude Ore with Aqua Regia. — In a clay crucible with a 
thick bottom, 1 part of the platinum residue (300—400 grms. 
at the most in one operation) is fused with an equal weight 
of granulated lead and 1'5 part of litharge, or with 1 part of 
granulated lead and 2 parts of a flux, consisting of 1 part of 
fluorspar and 1*7 part of anhydrous gypsum. The mixture is 
stirred with a pipe stem, the crucible broken and allowed to 
cool, when the lead regulus is carefully freed from the slag 
and dissolved in hot, fairly strong nitric acid ; the platinum 
metals which remain undissolved are treated as described 
under (c). Since a little palladium has dissolved with the 
lead, the latter is precipitated by sulphuric acid, the solution 
evaporated to dryness, the residue dissolved in water, filtered, 
and the palladium precipitated from the filtrate by mercuric 
cyanide 

2. The Residue of Impure Ammonium Chloroplatinate 
obtained on concentrating the liquid, from which the greater 
part of the platinum has been precipitated, is essentially the 
chloroplatinate. 

3. The Solution Filtered off from the Impure Am- 
monium Chloroplatinate, which is either evaporated to 
dryness and the residue ignited, or from which the metal is 
precipitated by iron or zinc, is especially rich in rhodium. 

Wohler has recommended the following method for the 
separation of the metals : — 

(a) The impure ammonium chloroplatinate (2) is reduced 
by ignition, the metals dissolved in aqua regia, the solution 
evaporated almost to dryness, taken up in a little water, 
mixed with twice its volume of spirits of wine and a saturated 
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solution of potassium chloride added. The precipitate consists 
of the potassium double chlorides of platinum and iridium, 
with traces of rhodium and palladium. It is filtered oif and 
washed with alcohol containing potassium chloride. After 
drying, it is brought into a porcelain crucible, where it is 
well mixed with its own weight of sodium carbonate. The 
filter is burnt, and the ash added to the mixture. The mass 
is then gently heated until it becomes black throughout. The 
platinum is thereby reduced, but palladium, iridium, and 
rhodium oxidised. The mass is extracted with water, the 
potash withdrawn from the oxides by means of hydrochloric 
acid, and the whole washed, dried, and ignited ; it is next, in 
order to separate the rhodium, fused with six parts by weight 
of potassium bisulphate at a gentle and long-continued heat. 
The rhodium salt which is formed is extracted with water, 
and the yellow solution boiled with hydrochloric acid, when it 
becomes red owing to the formation of the chloride. Caustic 
potash precipitates from this solution brownish-red rhodium 
hydroxide, which is reduced to metal by ignition in a current 
of hydrogen. The residue of platinum, palladium oxide, and 
iridium oxide is reduced by heating in a current of hydrogen, 
and, after cooling, treated with nitric acid, which dissolves the 
palladium. The liquid is neutralised by sodium carbonate, 
and a solution of mercuric cyanide added, when palladium 
cyanide is precipitated, which, after washing and drying, only 
requires ignition to be converted into metal. 

A mixture of metallic platinum and iridium oxide 
remains. It is digested with dilute aqua regia, which 
extracts a portion of the platinum, the clear solution is 
poured off, saturated with ammonia, evaporated to dryness, 
and carefully ignited, when pure platinum remains. The 
residual iridium oxide containing platinum is evaporated to 
dryness with sodium chloride and aqim regia ; the platinum 
salt is extracted from the residue by water, whilst the 
iridium oxide remains undissolved. The latter is filtered off, 
washed first with common salt solution, then with ammonium 
chloride, dried, ignited, and reduced to metal by heating in a 
stream of hydrogen. The filtered solution contains a small 
quantity of iridium, which is separated by evaporating to 
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dryness, heating the residue, as above, with sodium carbonate, 
and extracting the platinum from the washed residue with 
dilute aqua regia, 

(b) The Liquid Filtered from the Impure Ammonium 
Chloroplatinatej or the Metals Precipitated therefrom hy Iron or 
Zinc, — The metallic powder is dissolved in aqua regia, and then 
treated in the same manner as the filtered liquid, which is 
evaporated to dryness, the residue digested with strong aqua 
regia, potassium chloride added, and the solution evaporated to 
dryness on the water-bath. Ferric and copper chlorides are 
then extracted by alcohol, the residual double chlorides of 
rhodium, palladium, and iridium are fused with potassium 
bisulphate, and the mass treated with water, when iridium 
oxide remains. The liquid contains palladium and rhodium; 
the former may be precipitated by mercuric cyanide, and then 
the latter with potash, after boiling with hydrochloric acid, 
as in (a). 

(c) The Residue Insoluble in Aqua Regia, — The black 
levigated mass is intimately mixed with about an equal 
volume of ignited and finely ground sodium chloride, and the 
mixture heated in a porcelain or glass tube in a slow current 
of moist chlorine, until the gas begins to pass through 
unabsorbed. The further end of the tube opens into a well- 
cooled, tubulated receiver, from the tubulure of which the 
excess of chlorine is passed into alcohol. The double 
chlorides of sodium with iridium and osmium are produced ; 
the latter is mainly decomposed by the moisture in the 
chlorine, the resulting osmic acid sublimes into the receiver, 
and is partially carried into the alcohol. After cooling, the 
residue in the tube is treated with water, and then washed 
with hot water. The dark reddish-yellow iridium solution, 
filtered off from the ferric oxide, is mixed with strong nitric 
acid and distilled, when more aqueous osmic acid passes over. 
When the liquid has in this manner become very concentrated, 
it is mixed hot with a strong solution of ammonium chloride. 
On cooling, a large portion of the iridium separates as the 
crystalline blackish-red ammonium iridium chloride, which is 
filtered off and several times washed with ammonium chloride 
solution. On ignition it yields a grey sponge of iridium. A 
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small quantity of platinum in this salt is detected by grind- 
ing it very fine, mixing with eight times its quantity of 
water and leading in sulphur dioxide, when the iridium salt 
dissolves, leaving the yellow platinum salt. The residual 
solution is mixed with soda crystals in excess, evaporated to 
dryness, the mass gently ignited in a crucible, and, after cool- 
ing, extracted with hot water, which generally becomes coloured 
yellow by alkaline chromate. The black powder which is left 
consists of a compound of iridium sesquioxide with soda, con- 
taminated with ferric oxide. It is reduced by gentle heating 
in a current of hydrogen, after which water extracts caustic 
soda, and the iron is removed by digestion with stong hydro- 
chloric acid. If the residue be then digested with very dilute 
aqua regia, a little platinum is generally extracted, and may 
be precipitated by ammonium chloride. 

In order to extract ruthenium, the iridium must then be 
fused for at least an hour in a silver crucible with a mixture 
of potassium chlorate and caustic potash. The mass is treated 
with water, the yellow solution of potassium ruthenate, which 
has been allowed to clear by settling (not filtering), is poured 
oflf, the residual iridium oxide repeatedly washed by decanta- 
tion, and the solution of potassium ruthenate neutralised by 
nitric acid, when black ruthenium sesquioxide is precipitated. 
The latter is reduced to metal, in the same manner as the 
iridium oxide, by heating in a current of hydrogen. 

The iridium, after this purification, is strongly compressed 
and subjected in a crucible to the fiercest white heat, when it is 
obtained in a somewhat coherent and dense condition. 

The platinum residue, after one such treatment, is not 
exhausted ; further quantities of osmium and iridium can be 
obtained by repeating the same operations. 



CHAPTER XLI 

BEOKEN POECELAIN, EAETHENWAEE, 

AND GLASS 

Broken Porcelain and Pottery with White or Coloured 
Qlaze. — In the journal of this industry it is proposed to use 
these fragments for mosaic pavements for entrance halls, foot- 
paths, etc. The method is particularly suitable for roofing 
felt. The fragments are sorted according to colour, coarsely 
ground and then sieved through sieves of more or less coarse 
mesh. The mosaic pattern, drawn or stencilled on strong 
paper, is now covered or pasted over with the fragments 
according to size, the flat side downwards; the paper is 
surrounded by a rim and fluid asphalt poured on to a depth 
of two inches. After cooling, the paper is washed off, when 
the plate is finished. Large surfaces of pavements are made 
from separate plates, the joints being filled with melted 
asphalt. For this purpose pure asphaltum is not required ; 
it is mixed with coarse sand, powdered asphalt stone, clinker, 
etc., jand with a little lime. 

The Waste from the Manufacture of Fine Earthen- 
ware. — This is a case of utilising the used gypsum moulds 
(Zeits, f. Thonwaaren-Industrie), It is recommended to 
employ these moulds for fertilising purposes, which has 
been found practicable. The author of the communication 
says : — " The main water trenches are made somewhat wider 
and deeper than usual and piled up with a layer of old 
gypsum moulds, in which the water finds sufiicient space to 
penetrate. As soon as the moulds are dissolved, which is 
the case in a relatively short time, the layer is renewed. 
With this method of fertilising, the grass stands straighter 
and higher and shows more bluish-green colour, the clover 
between grows rapidly, the moss in wood-meadows visibly 
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disappears, and the .crop is larger than in meadows not 
watered with the gypsum solution/* 

Utilisation of Broken Glass, — Postwing, Gatchey, and 
Geille, of Paris, have proposed to use broken glass in the 
manufacture of pilasters {Thonindustrie-Zeitungy 1891 ; Neiieste 
Erfindungen ^cnd Urfahrungen, 1891). A quantity of broken 
glass of dififerent colours, previously broken up to a deter- 
mined size, is mixed together, brought into moulds lined 
with a resistant material, such as silica or talc, and heated. 
A coherent mass is obtained, which can be dressed and cut 
into blocks of irregular colour. These blocks may be used 
as artificial marble ; they are generally rough on one side, and 
occasionally incompletely fused, thus giving surfaces which 
can readily be built up with the aid of a little mortar. 
Handsome decorative effects may be produced whilst the 
blocks are still plastic. When a mould is used which can 
be taken apart, the pieces of glass can be so- divided off 
that very effective coloured glass windows are obtained 
during the heating, in which windows the necessity of the 
usual lead work is avoided. 

Recovery of the Waste Gold in Porcelain Or Glass- 
works. — All broken or spoiled porcelain or glass articles 
which have been gilded must be carefully kept. The frag- 
ments must be broken into small pieces and placed in 
a shallow vessel of suitable size. Then sufficient aqua regia^ 
made from four parts of hydrochloric acid and two parts 
of nitric acid, is poured on to cover the fragments completely. 
The vessel is covered with another similar one of an equal 
diameter at the top, and the edges in contact carefully 
smeared with clay to prevent the vapours from escaping. 
After two. to three hours it is advisable to ascertain whether 
the acid has exerted its action. If this is not the case 
after this period, the vessel is placed in another filled with 
boiling water, but generally a good result is obtained in 
two hours. The gold waste is freed from all acid by frequent 
washing with pure water. When the fragments are taken 
out of the acid, the gold is found at the bottom of the vessel. 
The oil and turpentine dishes are first freed from spirit, etc., 
by subjecting them, in an iron vessel, to the fire ; they are 
13 
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then treated in the same manner as jthe broken glass and 
porcelain. Cloths containing gold are collected and burnt 
to powder in an iron vessel. In the English porcelain and 
glass-works the waste gold is recovered in this manner, and 
the process has been found satisfactory. 



CHAPTER XLII 

SALT WASTE 
Treatment of the Stassfart Waste Salts. — Whilst 

referring here to one of the best and most comprehensive 
publications. Die Industrie von Stassfurt und Leopoldshall und 
die dortigen Bergwerke in cJiemisch-technischer und mineral- 
ogischer HinMcht betrachtet, by G. Krause (Cothen, with twenty- 
two wood-cuts), we shall follow in general the description of 
S. Pick (Die Alkalien, 2nd ed., Vienna, Hartleben) in regard 
to the treatment of carnallite, and draw therefrom certain 
further conclusions. 

Carnallite is treated by a process which involves the 
separation of its constituents by crystallisation. From the 
crude salt a concentrated solution of potassium chloride is 
prepared by the introduction of steam. The solution then 
comes into clearing basins, from which it flows to the 
crystallising vessels. The residue is again boiled with water, 
and the resulting weak solution used in the next operation 
in place of water. The extracted residue is calcined, and 
its proportion of potassium chloride increased to 15-18 per 
cent by the addition of potassium chloride or other waste 
matters containing potash, when it is finely ground and 
brought into the market as a fertiliser under the name of 
" prepared kainite." The residue may also be dissolved and 
exposed to the frost, when Glauber's salt is obtained, or it 
is used in the preparation of kieserite, by treating with 
a stream of cold water, which dissolves the smaller lumps 
of rock salt, leaving the larger, and carrying the kieserite 
away. A channel leads the water on to a sieve, where 
only the fine kieserite penetrates, whilst the larger pieces 
of foreign matter remain behind. As soon as the kieserite 
has collected in the settling tanks, it is shovelled out into 
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moulds, in which it soon takes up water and sets to solid 
blocks. 

The hot, strong solution of carnallite, after settling, may 
be allowed to cool to 60-70° C. before the real crystallisa- 
tion, when a large part of the sodium chloride crystallises out 
with a small quantity of potassium chloride. Or the solution 
is at once brought into high crystallising vessels; the potassium 
chloride, which crystallises out, still contains sodium chloride, 
magnesium chloride, and very small quantities of magnesium 
sulphate. These impurities are removed by placing the salt 
in wood or iron vessels with perforated false bottoms, pouring 
water over, allowing to rest for some time, and running oflf 
the resulting potassium chloride solution, which is used to 
dissolve carnallite. As a rule, another similar treatment 
follows, when a salt of 90 per cent, strength is obtained. 
The potassium chloride is then freed from the adherent 
moisture, either by calcination ifi kilns heated by the waste 
heat from pans, or on iron plates heated by steam. 

The mother liquor left after the crystallisation of the 
potassium chloride, which still contains considerable quantities 
of that salt, is concentrated in evaporating pans. The salt 
which separates during the evaporation is generally calcined 
and added to the manurial salts. Formerly the liquor was 
several times evaporated to a small extent and left to 
crystallise after each evaporation, Now, in consequence of 
the fall in prices, it is only evaporated once, but as far as 
can be done without much injury to the pan— as a rule, to 
35° B. From the clarified liquor artificial carnallite separates 
on cooling ; the residual mother liquor is either run to waste 
or worked up for bromine, or it is evaporated to 40° B. and 
run into barrels, in which the magnesium chloride solidifies. 

The artificial carnallite affords a source of very pure 
potassium chloride. It is dissolved in hot water to form a 
solution of 31° B., from which coarse potassium chloride 
crystallises on cooling. The crystals are treated in the 
same manner as the first crystallisation from the crude 
potash salts, when a very pure product results. 

The second and more recent method for treating natural 
carnallite is founded on the fact that hot magnesium chloride 
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solution takes up the total content of the natural impure 
carnallite and deposits it again in the crystalline state on 
cooling, in a very pure condition, so that, on decomposition 
with water, it produces very pure potassium chloride. The 
mother liquor is again applied to the solution of fresh 
quantities. The mother liquors resulting from the decom- 
position of the artificial carnallite are evaporated, when they 
deposit small quantities of "stage. salt" and give a fresh crop 
of carnallite. This process offers great advantages: pure 
potassium chloride is obtained, and there is less liquor to 
evaporate ; but, on the other hand, it requires complicated 
pachinery. 

The residue obtained in working up the saline deposits 
for calcium chloride, amounting to about 30 per cent, of the 
crude salts, is sold to green glass-works under the name of 
"glass-melt.*' It is there well dried, finely ground under 
edge runners or in a roller mill, and is then best at once 
mixed with the other substances used in the charge. The 
air-dried residue contains: potassium chloride, 5*25 per 
cent.; sodium chloride, 47*0 per cent.; magnesium chloride, 
3*85 per cent.; magnesium sulphate, 29*25 per cent.; in- 
soluble matter, 8*15 per cent. ; water, 6*50 per cent. 

G. Borsche, of Leopoldshall, near Stassfurt, has patented 
a process for the preparation of potassium sulphate from 
kieserite and potassium chloride. A mixture of 5—8 equiva- 
lents of potassium chloride and 4 equivalents (2 molecules) 
•of magnesium sulphate is treated in succession with small 
quantities of cold or moderately warm water, insufficient to' 
dissolve the salts completely. For example, 6 equiva- 
lents =447 grms. KCl, and 4 equivalents = 552 grras. 
MgS04 • HgO, are treated four times in succession, each time 
with 300 grms. of water, after each digestion the liquor 
being allowed to drain away. The residue is then almost 
pure potassium sulphate, and there are in all about 1200 
grms. of water to evaporate. 



CHAPTER XLIII 



SLATE WASTE 



Utilisation of Waste Slate. — At the slate quarries in 
Wales many million hundredweights of waste slate have 
accumulated ; it is used as a raw material for brick-makings 
The slate in question is nothing but highly compressed clay, 
in which condition it has lost the property of taking up 
water, and hence is no longer plastic. It can thus only be 
worked into bricks by dry or semi-dry presses, and the 
bricks must be burnt until they sinter, in order that they may 
acquire solidity. The waste is now treated by machines 
specially constructed for the purpose. It produces bricks 
which are unsurpassed in denseness, strength, and hard- 
ness, whilst they are about 33 per cent, cheaper to make 
than ordinary bricks. They will also bear a very high 
temperature. Their crushing weight is given at 1135 kilos, 
per sq. cm. (16,500 lb. per sq. in.). 

The method of making these clay bricks is as follows : — 
The clay waste is first pulverised; the powder then falls 
through a perforated iron plate into a pit, from which it' 
is raised by elevators to a higher floor, where it is mixed 
in the cylindrical mixer with a small quantity of water. 
The slightly moist material then goes to the hopper of a 
brick press — a dry or semi-dry press — in the moulds of 
which it is compressed by high pressure into bricks. The 
latter are taken direct from the press to the kiln and burnt. 
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SULPHUR 



Recovery of Sulphur from Sodium Sulphide. — At 

Stolberg, near Aix, the sulphur dioxide obtained by roasting 
zinc blende, etc., is cooled, and then absorbed by sodium sul- 
phide, under the action of steam, when sodium thiosulphate 
and sulphur are formed, which are removed in barrels, whilst 
the furnace gases, freed from sulphur dioxide, pass up the 
chimney. From the mixture of sodium thiosulphate and 
sulphur the latter is distilled off, the soluble matter — sodium 
sulphide and sulphate— extracted from the residue, the 
Glauber's salt separated by crystallisation from the sodium 
sulphide, and the former again converted by ignition with 
coal into sodium sulphide, which may again be used to absorb 
sulphur dioxide. 

Sulphur from Coal Gas. — In purifying coal gas by 
means of Laming's mixture, there is obtained a product con- 
taining as much as 40 per cent, of free sulphur, from which 
sulphur can be obtained by distillation over an open fire, or 
with superheated steam, or by extraction with heavy tar oils 
or carbon bisulphide. 

Sulphur from Gypsum, barytes, alkaline sulphates, 
and barium sulphide. The author of the article " Sulphur " 
in Muspratt's Ghemie remarks that these methods, in 
spite of the cheap raw materials, have not yet attained 
to economic results, on account of the difficulty of separating 
the sulphur. Sulphuric acid has also become so cheap since 
its production on the large scale in smelting works, that 
it is used with advantage in making artificial gypsum for 
paper-works. (Also compare the process of SchafiFner and 
Helbig, under " Recovery of Sulphur from Alkali Waste," 
p. 200.) 
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Sulphur obtained in the Manufacture of Iodine from 
Seaweed. — In making iodine in Scotland, France, and the 
Orkney Islands from kelp, the so-called vegetable sulphur 
separates from the mother liquors in large quantities, owing 
to the decompositions which take place. 

Sulphur from Calcium or Potassium Sulphide is 
obtained as a precipitate (milk of sulphur), on decomposition 
by an acid (hydrochloric). 

According to an English patent, J. HoUway, of London, 
obtains sulphur from pjrrites, by passing steam over the 
pyrites at a dark-red heat, and heating to 800° C. About 
half the sulphur then distils over uncombined ; the remainder 
is evolved as sulphuretted hydrogen, leaving a residue of 
ferric oxide. 

Recovery of Sulphur from Alkali Waste. — Among 
the numerous methods for the recovery of sulphur, the 
majority of which can have no long existence since they have 
not succeeded in practice, the process of M. Schaffner and 
W. Helbig, of Aussig, which has been found practically suc- 
cessful, is to be regarded as especially good. These two 
chemists have succeeded in solving a long-attacked problem, 
by again making useful the plague of soda-works — waste 
black ash. Whilst by the processes hitherto used, which 
depend on the oxidation of the calcium sulphide, only half 
the sulphur has been regained, and all the lime, together with 
the other half of the sulphur, has. remained as a second waste 
product, Schaffner and Helbig recover all the lime and all 
the sulphur in a usable form. Their process, ais patented in 
Germany, for the preparation of sulphur from soda residues, 
gypsum, harytes, and sulphtcrous acid, with the simultaneous 
recovery, as carbonates, of the earths united with the sulphur, is 
based, in the first place, on the use of magnesium chloride to 
decompose the calcium sulphide, a reaction not hitherto 
applied on the large scale. The reaction is — 

CaS + MgCl2 + H2O = CaCl2 + MgO + HgS. 

The calcium carbonate is not attacked by the magnesium 
chloride. 

The magnesium chloride employed is obtained by sub- 
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jecting to the action of carbon dioxide the residue, consisting 
of magnesia, calcium chloride, and the remaining unattacked 
constituents of the waste black ash, which remains from the 
action of magnesium chloride on calcium sulphide after the 
sulphuretted hydrogen has been driven oflf. Calcium car- 
bonate and magnesium chloride are obtained according to the 
equation — 

MgO + CaCIg + CO2 = MgCIg + CaCOg. 

Instead of magnesium chloride alone, hydrochloric acid, 
to replace a portion, may be run in simultaneously or 
alternately. The acid at once dissolves the separated mag- 
nesia, when it can again exert its action. The sulphuretted 
hydrogen is converted into sulphur by means of sulphur 
dioxide, according to the equation — 

2H2S + SO2 = 2H2O + 3S. 

However, not only sulphur and water are formed here, 
but also other compounds, such as tetrathionic acid— the 
inventors say pentathionic acid, which, according to the 
researches of Spring (Post, Zeits, /. d. chem, Grossgew,), does 
not exist ; this reaction would not be applicable on the 
large scale if the inventors had not found a means of 
preventing the formation of tetrathionic acid, etc., or of 
precipitating the sulphur from it, if formed. This means 
consists in the use of a solution of calcium or magnesium 
chloride, in which the sulphuretted hydrogen and sulphur 
dioxide decompose one another. The theoretical quantity of 
sulphur is separated. If an excess of one gas or the other 
be present, it is without influence on the decomposition, and 
is found unaltered in the solution. The function of these 
chlorides in the reaction is not yet ascertained ; it has, how- 
ever, been found that about one equivalent of calcium or 
magnesium chloride is required to the total sulphur present. 

Schaflfner and Helbig have later discovered that the 
calcium and magnesium chlorides used in the main patent 
to prevent the formation of pentathionic acid, etc., in the con- 
version of sulphuretted hydrogen into sulphur by means of 
sulphur dioxide, may be replaced with equal success by hydro- 
chloric acid, sodium sulphate, magnesium sulphate, barium 
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chloride, and sodium chloride. About one equivalent of these 
salts is used to the total sulphur present. 

The alkali waste is decomposed in the warm by mag- 
nesium chloride in large closed iron tanks provided with 
stiirers. Either the black ash waste is gradually introduced 
into the total quantity of magnesium chloride required to fill 
the tank, or the magnesium chloride solution is run on to the 
total quantity of black ash waste, or, finally, the two are 
simultaneously and slowly introduced in equivalent quantities. 
Loss of sulphuretted hydrogen is avoided by preventing the 
accumulation of pressure in the tanks and decomposers, 
which easily is effected by flues, fans, or pumps introduced 
at suitable points. In the sulphuretted hydrogen decom- 
posers there is also always maintained a larger quantity of 
sulphurous acid than is equivalent to the sulphuretted 
hydrogen coming from the developing tanks. 

The siliceous and clayey matters (clinker) present in 
the black ash waste, which, if they remained in the re* 
generated lime, would soon accumulate to such an extent 
as to make it useless for soda-making, are removed by a 
process of stirring with water and allowing to settle, or by 
passing the decomposed residue through a fine sieve. The 
regeneration of the magnesium chloride and the lime from 
the decomposed residue freed from clinker is effected by the 
introduction of air containing carbon dioxide (fire gases, etc.). 

The sulphuretted hydrogen coming from the tanks is 
mixed by means of mechanical contrivances in vats or 
towers with sulphurous acid and an aqueous solution of 
magnesium or calcium chloride. In the case of towers, the 
arrangement should be such that the sulphuretted hydrogen is 
introduced at the bottom and the sulphurous acid a little 
higher. The sulphurous acid required may be made from 
sulphide ores, sulphur, or sulphuretted hydrogen, or any 
furnace gases containing sulphide dioxide are taken and 
either conveyed direct to the decomposing apparatus or 
separately into a condenser, similar to those used for 
hydrochloric acid, where they produce a solution of 
sulphurous acid in water or in a solution of calcium or 
magnesium chloride, 
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This process may be applied as well to black ash waste 
as to gypsum and barytes after their previous reduction to 
calcium or barium sulphide. It may also be employed for 
utilising and removing the injurious sulphur dioxide produced 
in so many metallurgical processes. 

To complete the account of this process, we add a private 
communication made by Schaffner to Dr. Post, the editor 
of the Zeitschrift fur das chemuche Crrossgev?erbe, according 
to which a little burnt dolomite — a double compound of 
magnesium and calcium carbonates — is added during the 
carbonation; this addition also yields magnesium chloride, 
and thus compensates for the unavoidable loss of this 
compound in working, amounting to 5-6 per cent. The 
treatment with carbonic acid, which has hitherto taken 
place in an apparatus similar to Wei don's manganese mud- 
oxidation tower by means of a powerful blowing-machine, 
is now more economically effected in an ordinary tower with 
currents of gas and liquid in opposite directions. 

The position of this process in practice is best shown by 
an article on the subject in Post's Zeitschrift fur das chemische 
Grossgewerhe, In answer to a question, whether the process 
of P. W. Hofmann for the regeneration of sulphur was applied 
anywhere except at Dieuze, Dr. Griineberg stated that the 
Mond-Schaffner method was given the preference, i,e, that the 
precipitation was made by Mond's method and the fusion 
after Schafifner's method. Post states that the sulphur is 
now precipitated by Mond's method even in the works at 
Aussig, since Schaffner's precipitation apparatus, though 
working perfectly well, required too much labour and 
attention when working on an extensive scale. The 
oxidation of the waste is always effected by Schaffner's 
process, ie, at first in heaps in the air, then by blowing 
in flue gases. (Mond blows air from a fan through the 
waste, adds an excess of the liquor to hydrochloric acid, 
then neutralises by hydrochloric acid, again adds sulphur 
liquor, and so continues until the vessel is full.) 

K. Kraushaar has described in the Polyt, Jou^m., a process 
used with great success for many years in the works at Thann 
for recovering the sulphur in open vessels from alkali 
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waste. According to Kraushaar's experiments, there forms in 
the interior of heaps, as far as possible protected from the 
entry of air, calcium hydrosulphide and hydroxide, water being 
absorbed. Calcium hyposulphite is not formed until oxida- 
tion occurs through air entering on breaking up the heaps, 
polysulphides being first formed, then hyposulphite. If now 
the loosened alkali waste be exposed to the air for just the , 
proper length of time — determined by the examination of 
samples — that the liquors may contain to one molecule of 
calcium hyposulphite one molecule of calcium hydrosulphide 
and two molecules of calcium sulphide, CaSg, then there is no 
evolution of sulphuretted hydrogen on the addition of 
hydrochloric acid, and consequently the decomposition may 
be performed in open vessels. At Thann, the process is 
continuous ; acid and liquor in the proper proportions 
enter, near the bottom, a wooden vessel provided with a 
stirrer and heated by steam, whilst the decomposed liquor 
and the separated sulphur jflow away continuously through 
a pipe near the upper edge of the tub. Kraushaar states 
that the process of forming the hydrosulphide is more 
rapidly effected than by stirring the heaps, by treating it 
with water and steam at five atmospheres pressure in sheet- 
iron cylinders; 90 per cent of the sulphur in the waste can 
be recovered in this manner. The remainder is then made 
available by atmospheric oxidation. Kraushaar suggests the 
use of calcium hydrosulphide liquor for unhairing hides in 
tanning. 

This process, Post remarks, was not found successful in 
small experiments in the works; 90 per cent, of the sulphur 
was not obtained. The calcium hydrosulphide appears to 
decompose again at the temperature employed, since on 
opening the apparatus streams of sulphuretted hydrogen are 
evolved. Since Kraushaar's process is much more costly 
than that generally employed, it could only count on 
adoption if it could recover considerably more sulphur 
than that hitherto obtained. 

Mactear's utilisation of the yellow liquor firom alkali 
waste. — According to Lunge {Polyt. Journ.), Mactear manu- 
factured at Glasgow 1500 tons of sulphur per annum from 
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the yellow liquors which run from the enormous heaps of 
lixiviated black ash, and which had given rise to great 
complaint. The essential part of the process is the treatment 
of the liquor with an aqueous solution of sulphurous acid, 
either with or (better) without the addition of lime. Streams 
of the yellow liquor, of aqueous sulphurous acid, and of 
hydrochloric acid are allowed to run simultaneously into 
the precipitating vat, the volumes of the three solutions 
being so regulated that as little gas and as much sulphur 
as possible may be produced, just as Mond has described. 
A temperature of 70° C. is the most favourable for the 
reaction. 

The lixiviated black ash can also find a further applica- 
tion in being used in place of lime in the preparation of 
calcium pentasulphide. If the waste be boiled with sulphur, 
the calcium sulphide takes up more sulphur and a solution is 
obtained which contains little hyposulphite. 



CHAPTEE XLV 

BUKNT PYEITES 

Iron from Burnt Pyrites. — According to P. W. Hofmann 
(Diiigler's Journ., 215, p. 239) burnt pyrites is treated in the 
following manner in order to obtain the iron : — It is methodi- 
cally extracted with water at about 40° C. ; one equivalent of 
sodium chloride is added for each equivalent of sulphuric acid 
contained in the liquor, the Glauber's salt removed by cooling, 
and the mother liquor evaporated to 54° B. in order to obtain 
zinc chloride. The burnt pyrites is then removed from the 
washing-boxes, left for some days in. the air to dry, and then 
sieved to separate the sulphurous material from that free from 
sulphur. 

According to J. Cahen {Ber, d, deutschen chem, Gesellsch.), 
the burnt pyrites of vitriol works is well mixed with tar, 
turf, and limestone, the mixture made into lumps of suitable 
size, and treated in a blast-furnace. The iron obtained is 
said to be almost free from the ordinary impurities of pig- 
iron ; any sulphur still present in the burnt pyrites combines 
with the lime, and the turf apparently eflects the formation 
of volatile phosphuretted hydrogen. 
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CHAPTER XLVI 

SILK WASTE 

The Utilisation of Silk Waste. — The patented machine 
of Grothe and Heller remains the only one hitherto made for 
the manufacture of silk shoddy from silk rags, since it has 
been found that the quantity of silk rags is not great, and 
that the fabric cannot be entirely unravelled on account of 
the strength of the fibre. (Compare also the article on Shoddy, 
p. 251.) Broadly speaking, there are three branches of silk- 
waste spinning, which involve the manufacture of "floret" 
silk from first waste, noil yarn or " bourette " silk, and silk 
shoddy. The first raw material to be mentioned is the strit^a, 
i,e, the clean .waste obtained in unreeling the cocoons, 
from ^cocoons which cannot be reeled, and broken cocoon 
threads. A further distinction is made between strusa a fell 
and strusa d vapeur, according as it is obtained from cocoons 
which were unreeled from fire or steam-heated basins. 
Strusa d vapeur is accordingly the more valuable, and more 
in demand, to which also the fact contributes that it is pro- 
duced in larger quantities of uniform quality, since it is made 
in the larger works. Perforated cocoons and whole cocoons 
which cannot be unreeled are not included in the strusa; 
these are brought into commerce under the term of " cocoons." 
Strazza is the name of the waste produced in spinning raw 
silk, through the breaking or spoiling of the threads. These 
materials also occur in a slightly decayed condition ; the 
decay is said to improve the quality. 

The second commercial raw material is decayed waste — 
stami, peigndes. The stami are somewhat decayed cocoons. 
Marseilles is the principal market for silk waste ; the 
following commercial qualities are sold there at prices rising 
from 1 franc to 16 '5 francs per kilo. (4id. to 6s. per lb.): — 
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Bassinets, Moorish, frisoiis de nouca, de KTiorassan, Syrian, 
Accoulys (Greece), French, Italian, Persian, Broussa, Oshio, 
Yama en Flottes, Kilisso Yama^ Bourre de Chine, Levant, 
Spanish, Adrianople, Salonica. 

The damaged cocoons are brought into deep vats, hot 
water added, and the mixture allowed to stand for several 
days. The dead pupae quickly cause putrefaction, which 
attacks and destroys the gummy and resinous matters. The 
material is then smoothed and cleaned by a combing machine, 
and brought into the market under the name of peign^e, the 
fibres of which are from 5—16 cms. (2-6 in.) in length. 

The flocks and unspinnable waste obtained in spinning 
the first waste have been utilised by Pasquay by spinning 
round hemp cords, and plaiting the cords, thus obtaining long 
bands, which can be used for wrapping steampipes to prevent 
loss of heat. 



CHAPTEE XLVII 

SOAP-MAKERS' WASTE 

Toilet-Soap Cuttings {Neue Seifensieder-Zeitung). — Manu- 
facturers, who possess a pan heated by steam or in a water- 
bath, can readily melt together and again press the cuttings 
of toilet soap. The soap to be melted is cut up into shavings 
by means of a wire or plane, and brought, in small quantities 
at a time, into a pan heated by steam or on the water-bath. 
The soap is there allowed to melt, with the addition of a little 
water, or, if the soap becomes too thick and viscid, of spirit. 
The quantity of water to be used is determined by the condi- 
tion of the soap ; if it be dry more is added than if it were wet. 
If water-glass has been used in making the soap, it is necessary 
to add a few pounds of lye at 20— 22*^6. to prevent the 
separation of silicic acid. Naturally, care must be taken that 
the soap does not froth, which is accomplished by stirring 
diligently, and adding water if required. The water is only 
added in order to facilitate the melting of the soap, but not 
to dissolve it. When the soap is completely dissolved, the 
colouring matter is stirred in, and then the perfume, before 
pouring into the mould. These soaps are generally coloured 
yellow, red, or brown, and made into household, Windsor, 
mottled, coal-tar, and also sand and pumice soaps. 

In melting the cuttings, if the soap should froth or 
become too thick and lumpy, and if a small addition of spirit 
remains without result, the following method is adopted : — 
Whilst stirring, sufficient water is poured into the pan to 
dissolve the soap completely to a thin liquor ; it is then 
salted out with a strong hot solution of salt, the salt liquor 
removed, and the soap brought together by potash lye of 
2—3*' B, or hot water. After the soap has stood for some time, 
it is drawn off down to the deposit at the bottom, coloured, 
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crutched in the cold, perfumed, and poured into the 
mould. 

The following directions for niaking brown Windsor soap 
by melting together cuttings may serve as an example of this 
method of treatment. For a brown soap are taken the 
cuttings of sueh coltfured soaps as yellow, blue, and brown. 
Fifty lb. of soap are coloured brown by 120 grms. (4 oz.) of 
caramel, and then scented with 40 grms. of oil of lavender, 
30 grms. of oil of thyme, 30 grms. of cumin oil, 30 grms. of 
oil of cloves, and 30 grms. of cinnamon oil. The caramel is 
obtained by carefully melting ordinary sugar in a pan, with 



constant stirring, until it has changed into a mass, which runs 
from the stirrer in dark golden-yellow threads. 

Utilisation of Waste Soapy Waters.^The utilisation 
of the waste soapy waters produced in such large quantities in 
public laundries and in many industries, i.e. the separation of 
the fatty acids which are combined with alkali in these waters, 
has been many times attempted, but with little success. The 
methods often recommended^-collection of the soap-suds in 
tanks, decomposition of the soap, allowing to deposit, etc. 
(Heuze, Dingl. Polyt. Joum.) — can only be applied to small 
quantities of strong soap liquors, sueh as are produced in 
wool-washing. In the case of public laundries, which use 
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daily 150-200 kilos. (3-4 cwt.) of soap in 60,000-70.000 
litres (13,200-15,400 gals.) of water, the application of such 
methods is quite impossible. In such cases, in order to 
collect the suds, the waste waters should be run, together 
with a regular stream of lime water, through the apparatus 



shown in Fig. 10. A tub A is half filled with slaked lime ; a 
regulated current of water passes through the pipe d, the tub 
A, and the outlet, carrying lime into the vat B. The water 
from which the soap is to be removed enters at the same 
time in a continuous stream and leaves at b. It is then only 
necessary to run the mud deposited on the bottom of the 
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vessel into the filtering basket D, placed below, by raising the 
plugs c. The lime soap collected in the basket is decomposed 
with hydrochloric or sulphuric acid and steam, the cooled 
mass again brought into the filter basket, washed, and freed 
from water by draining and pressing. The fatty mass 
obtained is now by no means pure enough for the fat press. 
In the case of waters from a public laundry, it contains 
40-50 per cent, of foreign matter — sand, pieces of wood, 
cellulose, — so that the production of fat therefrom is not a 
remunerativje operation, apart from the cost of the apparatus. 
It is more economical to recover the fat by extraction with 
carbon bisulphide, a method already much in use. An 
apparatus very suitable for this purpose is shown in Fig. 11. 
It consists of the water-bath A and the boiler j9, contained in 
A, for the reception of the fat. The impure fat is placed in 
(7, D is the condenser and E the storage vessel for the carbon 
bisulphide. After the cylinder C has been filled through a 
with fat, which lies on a perforated bottom between the open- 
ing h and /, carbon bisulphide is admitted from E through the 
tap i. It dissolves the fat contained in the impure mass and 
carries it through c into the boiler jB, in which the carbon 
bisulphide evaporates. The vapour rises through the pipe 6 
into the condenser D^ where it is condensed, the liquid then 
passing to (7, whence it again carries fat to B. When all the 
fat has been removed in this manner, the taps c, /, g, and h 
are opened, whilst at the same time e, d, and i are closed. 
Steam then passes from A through g into (7, expels through 
h the carbon bisulphide, which collects in JP, together with 
that evaporated \n B\ h and I are openings for emptying the 
cylinder C, By this arrangement of the apparatus, not only 
is all the fat recovered, but also the loss of carbon bisul- 
phide is reduced to a minimum, assuming that the necessary 
quantity of cold water is supplied to the vessel D through m. 
The fat remaining in B still requires refining, which is 
accomplished in the usual manner. 

Utilisation of Liquids containing Fatty Acids. — In 
all the textile industries there is a number of waste liquors 
containing fatty acids, the quantity of which is so consider- 
able that its recovery is at times a source of not inconsiderable 
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profit. In regard to the composition of these liquors, there 
are in general three dififerent kinds to be distinguished: 

(1) The waste liquors obtained in removing the perspiration 
and grease from wool and woollen fabrics, to which are to be 
added the waste soapy waters of houses and large laundries ; 

(2) the used soap liquors obtained in boiling silk to remove 
the "gum"; (3) the waste liquors of Turkey-red dyeing, 
which contain oil. In all the liquids mentioned the fatty 
acid compounds are mainly united to alkalis, accordingly their 
separation by a strong mineral acid appears to be suitable, and 
this method is almost always used when these liquids are treated. 
The method is, however, attended with so many inconveni- 
ences that many industrial establishments are disgusted with 
the utilisation of these waste products. In the first place the 
liquids, in addition to the alkali compounds, always contain 
lime soaps produced by the lime in the water. When the oils 
and fats are separated by sulphuric acid, or by crude hydro- 
chloric acid, which always contains sulphuric acid, the lime is 
always separated as sulphate, which forms a pasty mass with 
the oil. This mass is not readily separated from the water, 
so that its application in making soap or illuminating gas is 
not easy. Also, the storage of the fluid oil in barrels is 
laborious and subject to considerable loss. Thus the separation 
of the fatty acids in the form of a solid compound of fairly 
constant composition appears to be indicated. Vohl has 
previously shown (Musterzeitung, 1873) that, when lime or a 
lime salt is added to these liquids, all the fatty matter is 
separated as a solid lime soap, from which the liquid can 
readily be drawn oflf, and which can be stored in the dry 
state. This lime soap is a substance which can readily be 
transported and sold to works occupied with the separation of 
oil and fat from such material. It is, of course, not the case 
that each establishment carries out the complete utilisation of 
its own soap waste, but simply that it removes the fat from 
its waste soap-suds with lime, and then sells the lime soaps, 
which contain about 40 per cent., to the proper works. The 
apparatus required for this precipitation of lime soaps is of 
an extremely simple nature, and easily obtained. Since lime 
soaps give rise to the formation of gypsum when treated with 
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crude hydrochloric acid, which always contains sulphuric 
acid, and the gypsum makes the separation of the oil from 
the aqueous liquid very difficult, Vohl experimented with a 
magnesium salt, by which the fatty acids are as completely 
precipitated. The magnesia soaps occupy a much smaller 
volume, contain about 60 per cent, of fat, and produce no 
gypsum when decomposed by sulphuric acid, or hydrochloric 
acid containing sulphuric acid. The lime and magnesia soaps 
may also be directly employed for the manufacture of 
illuminating gas ; the tar, which is simultaneously produced, 
may be used like pure oil in gas-making. Tlie gas obtained 
from the lime and magnesia soaps is of very high illuminating 
power, and the yield is very high. 

The residues of oil-manafacturing are recommended 
by G. F. Eeisenbichler to be used in soap-making (Neite 
Seifensieder-Zeitung). After they have been subjected to the 
strongest pressure, oil seeds retain 5-10 per cent, of oil, which 
can only be extracted by chemical means. These residues 
may be used with great advantage in soap-making in the 
case of very cheap soaps ; a small quantity is added, not 
exceeding 20 per cent. The residues from expressed nuts of 
all kinds are especially suitable ; less suitable, or not at all, 
are expressed linseed and rape seed, since they contain too 
many hard particles. When these fatty residues are to be 
added to soaps, they must be fresh, and previously be finely 
ground. They are then mixed directly with the lye, which is 
then boiled, and later the principal fat added to the resulting 
thick liquor. The saponification is much accelerated by the 
addition of this powdered material to the lye, and the con- 
sequent thick condition of the latter. Eeisenbichler recom- 
mends in particular for this purpose the residuals obtained in 
expressing olive oil from the olive. The cake, which contains 
fairly fine skins and is very oily, readily dissolves in the lye 
to form a tolerably uniform paste.* 

Recovery of Glycerine as a By-product. — Glycerine 
is generally obtained by saponification of fats as a by-product 
in the preparation of fatty acids. In soap-making small 

^ Eisner regards these additions as not permissible, and soap made in this 
manner as adulterated. 
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quantities of glycerine were formerly obtained ; according 
to Schwanert (Muspratt's Chemie) the liquid below the 
supernatant soap — the so-called under-lye — which contains 
glycerine, alkaline hydroxides, sodium and potassium 
chlorides, was exactly neutralised with hydrochloric or 
sulphuric acid, evaporated to dryness on the water-bath, 
the residue extracted with 90 per cent, alcohol, and the 
glycerine obtained as a yellow syrup on evaporation of the 
extract in a still. According to Eeynolds, the under-lye was 
concentrated by evaporation, the salt deposited on the bottom 
of the pan was removed from time to time and brought into a 
drainer, from which the liquid could flow back into the pan. 
When the liquid had reached such a concentration that it 
boiled at 109° C, it was heated in a still until its boilings 
point rose to 193°C., when high-pressure or superheated steam 
was driven through the upper layers of the liquid and the 
glycerine distilled over in the steam. It was necessary to 
regulate the temperature carefully, so that the glycerine should 
not be decomposed at too high a temperature, and that the 
distillation should not be stopped by too low a temperature. 
After the distillation, the distillate was evaporated at a mode- 
rate heat, when the glycerine remained behind. When this 
method of manufacture is considered, it can hardly be sup- 
posed that glycerine is now still made in this manner from 
the under-lyes of the soap-maker, especially since it can be 
regained more simply, readily, and cheaply from the crude 
glycerine obtained in the manufacture of. stearin candles. 
But although soap-works may no longer be able to work up 
the under-lyes for glycerine in this manner, experiments in 
other directions must not be omitted. Linke first drew 
attention to the large quantity of glycerine lost in these lyes, 
which he estimated at 8,500,000 kilos. (8500 tons) per 
annum in Germany alone, of a value of 3,000,000-3,600,000 
marks (£150,000-£180,000). These figures explain the 
attempts to find a method by which glycerine can be recovered 
from this liquid, and Schwanert made a step in the right 
direction when he drew attention to the crystallisability of 
glycerine, by means of which property it may perhaps be 
recovered with profit from soap lyes. In 1867, Sarg had 
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already obtained crystalline glycerine at several degrees 
below zero, but Kraut, of Hanover, was the first, in 1870, 
to discover a method of crystallising glycerine in any required 
quantity and quality. The method was transferred to Sarg's, 
Son & Co., of Liesing, near Vienna, with all right of priority. 
This firm obtained patents in Austria, England, and Eussia, 
and worked the process on the large scale. The crystallisa- 
tion is conducted in sheet-ii'on vessels, from which the crystals 
can readily be loosened ; they are then freed from the adherent 
mother liquor by treatment for fifteen minutes in a centri- 
fugal running at 1200 revolutions per minute, and, after they 
have dried, are melted. Crude glycerine must be once re- 
crystallised. As Schwanert states in these communications, 
the temperature has a considerable influence on the yield ; at 
temperatures higher than 2°C. the mother liquor amounts 
to more than 30 per cent, of the glycerine used. In mild 
winters the crystallisation is not profitable. In addition to 
the application of a temperature several degrees below zero, 
a certain amount of movement appears to be one of the 
conditions under which the glycerine becomes solid and 
crystalline. Experiments with a view to crystallising gly- 
cerine in a simple manner, applicable to larger quantities, 
would certainly be very profitable, since the most complete 
purification is obtained in this manner, all the impurities 
remaining in the mother liquor. The under-lyes of soap-works 
might by this means be utilised in a most productive 
manner. 

A process for the recovery of glycerine from waste soap 
lyes, due to H. van Ruymbecke, consists in hew means for 
evaporating, distilling, and concentrating these lyes. The 
apparatus is constituted of cylindrical cast-iron evaporators 
with the usual accessories — steam-pipes, man-holes, valves, etc. 
— to which are connected two cylinders, and finally the con- 
denser. The process is as follows : — The soap lye is brought 
into the evaporator mixed with green vitriol or another suit- 
able metallic salt. Then a low vacuum, about 26 inches, is 
produced, and steam passed into the cylinder inside the 
evaporator; a concentration of 28° B. at the outflow, or 
30° B. at 15°C., is then obtained. The evaporation causes 
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the salts to crystallise out, they collect at the bottom, and 
may be removed, dried, and purified. At the density given 
above, the liquid contains about 50 per cent, of glycerine; 
most of the salts have crystallised out. The liquid now 
passes into a second evaporator, where it is concentrated 
down to 34° B. at 15°C. Salts again separate, and are 
removed and dried. The evaporation is effected in two 
stages, because the salt impregnated with strong crude 
glycerine would be difficult to dry and free from the mother 
liquor. From the second evaporator the liquid passes into 
the distilling apparatus, which works under a vacuum, and in 
which it is heated almost to boiling by means of steam. 
Euymbecke uses again expanded steam, which, injected into 
the vacuum of about 28 inches, induces rapid distillation. The 
least volatile distillate collects in the first cylinder, and is very 
pure glycerine; the greater part of the glycerine is found in 
the second cylinder; the most volatile distillate, which 
contains much water, passes into the condenser. If the 
product is not sufficiently pure, it is distilled again. 

The method given by H. Flemming, of Kalk, for the 
recovery of pure glycerine from soap lyes, depends on the 
application of dialysis (German patent, 12,209). Glycerine 
is a substance which, when in aqueous solution, cannot pass 
through parchment paper, whilst the salts contained in the 
under-lyes can readily penetrate. In order to separate the 
glycerine from the salts, Flemming employs an apparatus very 
similar in construction to the diffuser used in sugar-works. 
The lyes, previously evaporated until much salt separates, flow 
through vessels, one side of which is made of parchment 
paper ; water flows on the other side of the parchment paper. 
The process which occurs is an ordinary osmosis ; the salts 
in the glycerine solution pass through the permeable division 
— the parchment paper — and dissolve in the water, a corre- 
sponding quantity of which passes through to the glycerine 
and dilutes it. 

In working with under-lyes, which are strongly alkaline, 
it is advisable to neutralise with sulphuric acid before 
dialysing, since the sulphate diffuses more rapidly than the 
compounds of alkaline reaction. When the under-lye is sub- 
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jected to the osmotic action for a sufl&cient length of time, the 
glycerine solution is obtained very pure, when ' it can be 
converted into pure glycerine by concentration, at first in | 

open pans, then by distillation in a vacuum apparatus. The i 

low cost of providing an apparatus suitable to the dialysis of ' 

under-lyes, which would consist essentially of a vessel con- i 

taining frames stretched over with parchment paper, makes ' 

Fiemming's process available even for small works, which can 
then utilise very well the under-lyes which would otherwise 
be wasted, and dispose of the dialysed solutions to glycerine ] 

works for further treatment. 



CHAPTER XLVIII 

ALKALI WASTE AND THE EECOVERY OF 

SODA 

Utilisation of Alkali Waste. — Since almost all soda- 
works make sulphur from alkali waste, there remains a 
residue consisting chiefly of carbonate, sulphate and sulphite 
of lime. According to M. SchafiFner {Dingier* s Joiirn. 199, p. 
243) this residue, from which railway embankments can be 
made, is especially suitable for the upper layers, where it is 
used instead of, or together with, river sand. The sleepers 
lie dry, since Ihe desulphurised residues are porous ; the latter 
also appear to have a considerable preservative action on the 
sleepers. 

Schott proposed to use alkali waste in glass-making, since 
the sodium sulphide would serve as a reducing agent in place 
of coal, and lime would also be introduced into the mixture. 
this point, however, Lunge remarks {Dingier' s Journ.^ 216, 
375): "Alkali waste always contains, in addition to calcium 
sulphide, excess of lime both as carbonate and caustic lime, 
and excess of coal, and would thus be the more suitable for 
the use proposed by Schott if it did not contain, with these 
useful constituents, certain " harmful substances — alumina, 
ferric oxide, gypsum, etc." These constituents prevent the 
use of alkali waste except for the lowest qualities of glass; 
and, in fact, Lunge himself disposed of alkali waste to makers 
of beer bottles. The desulphurised residue, treated by the 
process ^ of SchafiFner or Mond, which is never free from 
undecomposed sodium sulphide, is suitable for the same 
use. 

Recovery of Soda in Cellulose Works. — In regard to 
the recovery of soda in cellulose works, M. Faudel remarks 
in a long paper {Dingier' s Journ, 219, p. 432), in the first 

219 
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place, that, generally speaking, in the best works the recovered 
soda amounts to little more than 70 per cent, of the quantity 
used. Although the lime mud obtained in causticising the 
soda be repeatedly washed with fresh water, and the dilute 
liquors obtained be used in preparing strong liquors, and 
although the most rational apparatus be used for ^washing the 
boiled wood, yet there is lost in the lime mud about 5 per 
cent., in the wood the same quantity, by leakages and in the 
evaporating furnaces about 20 per cent. ; thus, on the whole, 
about 30 per cent., and in some works, no doubt, much 
more. 

Faudel assigns a portion of the blame for this condition of 
things to the evaporating furnaces, which, in some works, are 
long, low flues with a powerful and wasteful fireplace at one 
end, from which the fire gases pass over the lyes. The liquors 
are evaporated in these furnaces only to a certain concen- 
tration ; they are then removed in the form of a tolerably 
solid but tarry mass, and further heated and melted on 
separate hearths or on iron plates in the open. The soda is 
thus obtained in the form of large hard lumps, which frequently 
have to be broken and ground, at no inconsiderable cost, 
before they can again be used in the preparation of the lye. 
Quite apart from the complexity of the process, enormous 
quantities of heat are lost, owing to the formation of a solid 
crust over the surface of the lye in the furnace, which there 
is not always a labourer to break up at the proper time, 
and which hinders the further evaporation of the liquor 
beneath. 

According to Faudel, Porion's evaporating furnace is more 
rational than the one just described ; the soda it produces is 
porous, and may be used in the preparation of fresh caustic 
lye without pulverising. A furnace used in South Germany 
permits the liquor to flow down a series of pans arranged in 
steps, so that it meets the fire gases on its way. This 
furnace, which is said to require frequent repairs, pro- 
duces the soda in as inconvenient a condition as that first 
described, and probably, therefore, ofifers little advantage 
over it. 

A fourth furnace, which appears to the author as worthy 
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of notice, is that patented by the Belgian Werotte, and known 
under the name of Fernau. 

M. Montagnon, a Paris chemist, has proposed a method 
for the recovery of soda in the wet way {Journ, des Fahricants 
de Papier), which simply consists in removing from the black 
liquors (of cellulose works) the gummy, albuminous, and 
mineral matters derived from the plants. This can only be 
done when they are precipitated as compounds insoluble in 
a combination of the liberated soda with the precipitant. The 
compound of soda and the precipitant remaining in solution 
must then be treated with a base which expels the acids 
combined with the soda and gives the soda alone, dissolved 
in the water used at the first solution. These conditions are 
fulfilled by certain common and cheap materials — pyrites and 
lime, or powdered iron ore (ferric oxide) and sulphuric acid. 
The cost of the recovery of 1 ton of soda is given below for 
two methods of procedure, in which either (1) pyrites and 
lime, or (2) ferric oxide and sulphuric acid are used. 

The cost of the recovery of soda in the wet way is not to 
be regarded as pure loss, since certain by-products in great 
demand are also produced. These by-products may be used 
with advantage for bleaching paper-pulp, or may be converted 
into the original materials and so used over again. 

In using pyrites and lime to recover the 1 ton of soda 
contained in 15,400 gals, of black liquor, 2 tons of calcium 
sulphite are formed, from which the sulphurous acid may be 
obtained by treatment with sulphuric acid and used for 
bleaching paper-pulp. 

When ferric oxide and sulphuric acid are used to recover 
1 ton of soda, 2^ tons of ferric sulphate are produced, which 
can either be sold as such or decomposed in reverberatory 
furnaces into ferric oxide and sulphuric acid, which may then 
again be used in the recovery of soda. 

In both cases there are produced about six tons of the 
extracted gummy, albuminous, and mineral matters, the 
mixture of which is sold as a fertiliser at a value of ten 
shillings per ton. 

The following calculations of the costs make clear the 
relative advantages of the two processes of recovery : — 
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1. Recovery in the Dry Way (Porion's Process). 

s, d, 
3*7 tons of coal at 22s. 6d., for the evaporation of 70 tons 

of water . . . . . . 82 3 

1 ton of lime for causticising . . . . 20 

Loss of soda, 20 per cent, from 1 ton, i,e. 4 cwt., at 28s. . XX2 
Depreciation and interest for the furnace, ?.e..l5 per cent, 
on £1600, for a daily recovery of 1 ton for 360 days 
per annum . . . . . .13 4 



Total . . . 227 7 



2. Recovery in the Wet Way (Montagnon's First Process). 

1 '25 ton of pyrites, at 24s. .... 

1 ton of lime . . . . 

Wages and general expisnses 

4 cwt. coal at 24&. . . . . . . 

Loss of soda, at a high estimate, 20 per cent, from 1000 

kilos., i,e. 4 cwt., at 288. ... 
Depreciation and interest, 15 per cent, of the cost of the 
installation, £200, i,e, per day 

Total . . . . . 218 6 

Value of by-products to be deducted^ s. d. 

6 tons fertiliser at 10s. . . . . 60 

2 tons calcium sulphite at 32s. . . 64 



i'13 ton of ferric oxide at 20s. per ton 

1 '58 ton of sulphuric acid at 4s. per cwt. . 

Wages and general expenses 

Loss of soda, at a high estimate 

Depreciation and interest . . . . 

Total . 
Value of by-products to be deducted — 
6 tons of fertiliser at 10s. . 
2*5 tons of ferric sulphate at 56s. . 
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The economy resulting from Montagnon's processes over 
the recovery in the dry way is therefore, for 1 ton of 
recovered soda : — 

1st process . . 227s. 7d. - 94s. 6d. = 133s. Id. 

2nd process . . 227s. 7d. - 102s. 8d. = 124s. lid. 

Thus for every cwt. of straw treated there is a saving of 
eight shillings, or two shillings on one cwt. of white paper- 
pulp. 

Eecently (Civilingenieur), E. Schneider has constructed an 
evaporating and calcining furnace for the recovery of soda 
in cellulose works, which appears worthy of special mention. 
The waste liquors of cellulose works are evaporated and the 
residue calcined without the production of noxious odours, 
by the application of highly heated air. In 1875 Siemens 
described a regenerative hot-air apparatus, consisting of 
two chambers, built of fireproof bricks, with the requisite 
openings for air to enter and leave, and filled with fireproof 
bricks after the manner of the well-known Siemens' regenera- 
tors. In Schneider's apparatus two of these chambers are 
connected with the calcining and evaporating furnaces. The 
larger stands in front of the furnace, which is somewhat 
smaller, about 17 metres (56 ft.) long, at a distance of about 
one-third of the length of the furnace from the principal 
apparatus. The gas obtained from lignite in the producer 
— a simple vertical furnace — passes through flues provided 
with dampers into the hot-air* apparatus, where it burns, the 
resulting products of combustion being then conducted, not 
to the calcining furnace, but by flues direct to the chimney. 
By the proper change in the dampers a current of highly 
heated air from the larger apparatus enters the furnace at the 
end, and a second current from the second hot-air apparatus 
enters, in a direction at right angles to the first, the calcin- 
ing space just in front of the fire-bridge. The gases pass 
under the wrought-iron evaporating pan, then between this 
and a second evaporating pan, and finally under a preliminary 
heater, from which they pass to the chimney, 35 metres 
(115 ft.) high. The liquor collected in the preliminary 
heater passes in the opposite direction through a pipe into 
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one evaporating pan, .thence to the second, and finally to the 
calcining furnace. The calcining space has a capacity of 
about 2*7 cub. metres (95 cub. ft.) of liquor, one evaporat- 
ing pan a capacity of 7*5 cub. metres (265 cub. ft.), the 
other 17 cub. metres (600 cub. ft), and the preliminary 
heater 29 cub. metres (1023 cub. ft.). 

If we assume that the hot-air apparatus is in the 
prescribed condition and is supplying a continuous current 
of highly heated air to the calcining space, then the process is 
conducted as follows : — The evaporating pans and preliminary 
heater being full, the valves are opened, the calcining space 
slowly filled, and the two evaporating pans again filled accord- 
ing to the indications of the gauge glasses. According to the 
consistency of the liquor, this process is repeated two to three 
times within three to five hours, during which time heating 
gases enter from the larger apparatus, in consequence of which 
the temperature in the calcining space rises considerably, despite 
the strong evaporation. When the evaporation has proceeded 
to a certain extent, after about three hours the current of 
gas is cut off, and there now enters into the larger apparatus, 
as during the whole period already from the smaller hot-air 
apparatus, only atmospheric air at a high temperature (about 
1000* C). This air is thus present in the required quantity 
from the commencement of the calcination and is completely 
diffused through the whole of the calcining space. It would 
therefore appear to be impossible for any gas of organic origin 
to leave the calcining space unQecomposed. 

When the mass in the calcining furnace is completely burnt, 
it is drawn out through doors, and, after removing the iron 
plates, brought into the cooling-room. The gases which are 
still produced here during the slow cooling enter the calcining 
space through openings provided for the purpose, and burn 
there completely in the hot current of air coming from the 
larger hot-air apparatus. 



CHAPTER XLIX 

WASTE PRODUCED IN GEINDING MIEEOES 

Utilisation of the Polishing Sand. — In grinding glass, 
especially in making mirror-glass, a very fine polishing sand 
is used, which, .after it left the apparatus, was formerly use- 
less. The pasty consistency, and absence of plastic nature, 
were great obstacles to further treatment. Le Motte, a Paris 
engineer, has obtained a patent for the use of this waste in 
making a very hard building-stone. The mud from the grind- 
ing-tables, consisting of fine glass dust, quartz flour and finely 
divided cast-iron, is first run into settling-tanks, from which 
the supernatant water can be removed as required. The 
deposit is then dried in centrifugals, mixed with fine clay 
powder or glass flour in a mixing and kneading-machine, 
pressed into moulds, and burnt at a high temperature to a 
very hard mass. A pressure of 300 kilos, per sq. cm. (4220 
lb. per sq. in.) is required, since the bricks are very porous. 
These bricks are not attacked by most mineral acids, they 
also exhibit a very considerable resistance to chloride of lime 
and sodium sulphate. The weight is not more than that of 
ordinary porous bricks. By mixing the sand, enamelled bricks 
may also be made, suitable for the decorative treatment of 
facjades. 

Another account states: The used grinding sand, con- 
taining more or less clay, which is produced in considerable 
quantities in grinding mirrors, is to a great extent in such a 
fine state of division that it has become plastic and can be 
moulded whilst wet. The fine particles of glass, which have 
been ground off, make the mixture still easier to mould ; the 
sand may thus not only be moulded into various shapes, but 
the objects produced can be burnt. The quantity of the 
fusible sodium silicate in the used sand is so considerable that 
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it is sufficient, with proper burning, to cement together the 
grains of quartz, and thus impart to the moulded object a 
certain degree of strength. 

The moulding, pressing, drying, and burning are done in 
the ordinary manner; hard bricks, hollow or solid, plain or 
ornamental tiles, building- stones and architectural ornaments 
are readily obtained. The product, which is very light — the 
specific gravity is about three-fifths of that of ordinary stone 
— exhibits no small resistance to mechanical and chemical 
actions. 



CHAPTER L 

WASTE PEODUCTS OF THE MANUFACTUEE OF 

STAECH 

Utilisation of the " Fruit Water."^ — In working by the 
ordinary process by which starch is obtained,, the potato pulp 
coming from the grinding-machine is diluted with so much 
water that the proportion of valuable constituents appears to 
be reduced to such an extent that they cannot be utilised (F. 
Eehwald, Die Stdrke-Fahrikation, Vienna, Hartleben). This 
"fruit water," if it has not fermented, may be suitably 
employed as a direct addition, to pigs' food. If steam be 
available, it may be passed into the ^* fruit water " until the 
albuminous matters have coagulated into flocks, which are 
separated by running off the liquid into the drain, and used as 
cattle food. 

Utilisation of the Pulp. — This mass is most suitably 
mixed with other cattle foods ; since it is somewhat difficult 
of digestion, it is advisable to break it up by heating to boil- 
ing. The pulp, however, still contains so much starch that 
it is profitable to recover it. By suitable treatment 2—2-5, 
or even 3 per cent., of the total quantity of starch may be 
recovered from the pulp, thus producing a considerable 
increase in the profits." The pulp still contains many 
uninjured starch cells which have escaped the grinding. In. 
order to rupture these cells, a simple arrangement is employed 
which drags the cells lengthways and thus ruptures them. 
The apparatus is constructed as follows : — A roller of polished 
marble or granite is connected with a cog-wheel having a 
certain number of teeth. Below this roller, but very near to 
it, lies a second, also connected to a cog-wheel, which has, 
however, only about one-third of the number of teeth on the 
upper roller. Thus the upper roller makes three revolutions 
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whilst the lower is making one. The pulp in passing 
between the roller is at the same time squeezed and drawn 
out in consequence of this unequal velocity ; thus almost all 
the starch cells contained in it are ruptured. When the 
rolled mass is brought into the cylindrical brush apparatus 
starch can be obtained from it. 

The process is generally conducted by collecting a 
quantity of the pulp, then rolling it and treating it alone. 
The starch which has been semi-dried and purified by 
settling also produces in this case a certain quantity of starch 
mud, which is treated either separately or together with 
similar material. In places where there is a distillery it is 
advisable to work up the pulp with the other material for 
spirit ; thus all the starch is extracted, and the cork substance 
goes into the distillery wash. 

If the pulp is collected into heaps, which are kept moist, 
a process of decomposition soon sets in and gradually but 
completely destroys the cork. The whole mass changes to a 
soft cheesy mass, consisting of the decomposed cork substance, 
starch, and cellulose. If it be then brought into the apparatus 
for obtaining starch, the latter is obtained pure. For this 
purpose the pulp is allowed to lie in thin layers for such a 
time that it is still moist at the top, when heaps are formed, 
60-80 cm. high (24-32 in.), resting on a layer of boards and 
covered by twigs or boards. After a few days the tempera- 
ture of the whole heap rises, the covering of boards protects 
it from cooling, and the fermentation begins. In order to give 
the air as much access as possible, it is advisable, in building 
the heaps, to insert poles and to draw these carefully out, 
so that channels may be formed into the interior of the 
mass. Eepeated turning over with shovels and, if necessary, 
moistening with water, greatly accelerate the fermentation 
of the mass. 

If the formation of gases of bad pdour is remarked during 
this process, it is a sign that another process of fermentation 
is taking place in addition to the decomposition, by which the 
yield of starch would be diminished. A buttery or cheesy 
smell denotes the occurrence of the butyric fermentation, by 
which the starch itself is attacked. This incorrect course of 
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the process is due to the entrance into the mass of too little air ; 
the mass is either too compact or too wet. The evil may be 
combated by shovelling over the mass, or by allowing it to dry. 

Utilisation of the Gluten. — In the fermentation process 
the gluten is destroyed with the exception of a small quantity, 
which rarely exceeds 25 per cent. In the process without 
fermentation, the yield of gluten may amount to more than 
90 per cent, of the total quantity. In addition to the use of 
gluten as cattle fodder, for which purpose the gluten obtained 
by the process without fermentation is stirred with water and 
heated to 70° C, it is also used in making foods. In the latter 
case, the first operation is to obtain gluten-flour, as described 
by F. Eehwald {loc, cit,). 

Wheat, from which the husk has been removed, is thoroughly 
washed; the starch layers obtained are not subjected to a 
further washing, but are partially dried by the air-pump and 
mixed with gluten. The mass is then made plastic by an 
admixture of potato-flour, instead of which dark-coloured 
wheat-flour or pea or bean-flour may be used. It is of great 
importance to mix the gluten most intimately with the starchy 
substances, for which purpose a kneading-machine is employed, 
as used by bakers. The mixing may also be done by means 
of rollers, in which case a first pair of rollers produces a band 
of a certain thickness, which is stretched out more and 
more by the succeeding pairs of rollers. The thinnest band 
is collected, pressed together, and again subjected to the 
action of the rollers ; there is thus obtained by repetitions of 
the process a more and more uniform mixture of gluten and 
starch. It is advisable to add to the mass, before kneading, 
■nroJT of its weight of sodium phosphate and unnr to nnnr of 
common salt. The paste is filled into a shallow rectangular 
box, with a narrow slit at one end, through which it may be 
expelled by a piston. Below the box is a long endless belt 
of linen cloth, running over rollers. When the paste is 
expelled through the slit in the box by means of the piston, 
it leaves in the form of a thin band, which is carried away 
by the endless cloth, from which it is taken on to boards. It 
is then dried in the sun to a thin, horny mass, which can be 
easily broken and ground to flour. This gluten-flour far 
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surpasses beans in nutritive value ; a food is obtained from 
it by stirring into boiling water, to which salt has been added. 

The following process is used in order to obtain gluten 
in the form of groats. The gluten, made into a paste with 
potato flour in the above-mentioned manner, is brought into 
a cylinder fitted by a piston, and closed at the bottom by a 
metal plate perforated by the largest possible number of holes. 
The holes are slightly conical, being about 1*5 mm. in diameter 
at the top and 1 mm. at the bottom. By applying pressure 
to the piston, the paste is made to issue in the form of thin 
threads, which are then cut up into small pieces by a knife 
below. The apparatus is arranged so that pressure is only 
applied intermittently, in order that the grains may be as far 
as possible of equal size. Below the cylinder there moves 
slowly a stretched endless cloth, which catches the grains and 
carries them away; they are then lightly dusted with flour. 
In order to round the grains, they are brought, together with 
5 per cent, of potato-flour, into a barrel, through the bottom 
of which passes an axle, and which is closed by a door in the 
place of the bung-hole. The grains are rounded by the slow 
rotation of the barrel ; finally they are sorted through sieves 
of different meshes, and dried in thin layers on boards. 

Utilisation of the Residues. — G. Thenius recommends a 
new method for the utilisation of the jesidues obtained in the 
manufacture of starch (Chem. Zeit, 150; Post's Zeits, f. d, 
chem. Grossgew.y III. 2, 280), which consists in eva,porating the 
wash waters — the " softening "waters — which have previously 
been run to waste. By evaporating 10 grms. of this liquid, 
Thenius obtained 2*0^ grms. of extract, which was of a pale 
brown colour, had a sweetish, salty taste, and an odour similar 
to that of malt extract. If the extract is dissolved in a little 
water, the less soluble salts — sulphates, phosphates, sodium, 
potassium, and magnesium chlorides — separate. The portion 
soluble in water is again evaporated to dryness on the water- 
bath ; it then possesses a pleasant, sweetish taste, but is nob 
salty. One hundred parts of the extract contained 2 5 '6 parts 
of salts and 7*44 parts of pure extract. From a vessel of 
15 hectolitres (330 gals.) capacity, 30 kilos. (67*5 lb.) of 
extract are obtained. The extract can be profitably employed 



UTILISATION OF THE WASTE WATERS 231 

in bread-baking or in making cattle foods. The bread pre- 
pared with it is said to have an agreeable flavour, and to 
keep moist for a long time. The purified extract can be 
used medicinally, and as a substitute for malt extract. The 
extract is obtained by evaporating the liquor in shallow pans 
by means of the waste steam from the boiler. 

Utilisation of the Waste Waters. — In most cases the 
waste waters are run to waste ; they then frequently give rise 
to expostulations and complaints, since the decomposable matter 
they contain ferments, and may thus taint the neighbourhood 
and injure the fish in the rivers. 

As long ago as 1835, Burggraf made successful experiments 
on the use of this water for irrigating meadows and arable 
land {Polyt, Journ.^ 56, p. 464), and in 1877 Marcker gave 
an account of comprehensive experiments on the irrigation of 
meadows by its means {Zeits, d, landiv, Centralver, d, Provinz 
Sachsen ; Dingier* s Journ.y 225, p. 395).. The waste water, 
which is first run through two settling-tanks, in order that 
the fine grains of starch still suspended in it may be deposited, 
is conducted for a distance of 170 metres (185 yards) through 
a pipe 15 cm. (G in.) wide, with a fall of 33 mm. per metre 
(3*3 in 100). The water is received from the pipe in an 
open ditch 1 metre (39 in.) wide and 30 metres (33 yards) 
long, which conveys it to a small storage pond. It is here 
mixed with pure well-water, in. order to avoid the strong 
concentration of the original waste water, and to obtain larger 
volumes of water for regular distribution over the meadows. 
The mixed waters are then carried to a large meadow of 7 J 
hectares (18 J acres), over which it is distributed by a system 
of large and small ditches, and retained by dams. The water 
is conveyed away by a system of drains, which can be put in 
or out of action by sluices as required. The drainage then goes 
to a second meadow of 5 acres, and thence to a third of 6 acres. 
The crops obtained are described by Marcker as excellent. 

Marcker observes, in conclusion, that the waste waters of 
starch-works may be applied to the irrigation of meadows 
with the greatest advantage, because there is not only an 
increase in the crop, but the composition of the hay is also 
considerably improved. 



CHAPTER LI 

STEARIC ACID 

Recovery of Waste Stearic Acid. — The process de- 
scribed is due to Weiss & Co., and is patented in France. 
The oleic acid after it leaves the press is subjected for a 
longer or shorter period to a well-arranged system of cooling, 
so that its temperature is maintained constant at about 5° C. 
At this temperature almost the whole of the stearic acid 
separates from the oleic acid. The mass, which has thickened, 
is transferred as quickly as possible to a centrifugal machine, 
the drum of which is protected by wool. The centrifugal is 
rotated at 1200-1300 revolutions per minute, when the 
oleic acid is separated within a few minutes from the stearic 
acid crystals. The residual stearic acid in the drum is then 
pressed in the ordinary manner. For this purpose the 
centrifugal machines used in sugar-works are quite suitable. 
The cooling of the oleic acid is effected by cooling a rela- 
tively considerable quantity of water to 4—5° C. by means of 
an ice-machine, and then circulating it through a system of 
pipes, which surround or traverse the tank containing the 
oleic acid. 
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CHAPTER LII 

VEGETABLE IVOHY WASTE 

Utilisation of the Waste of Ivory-Nuts. — Guild, of 
New York, makes moulded objects of all kinds, especially 
buttons, from the waste of ivory-nuts. The process is as 
follows : — The waste is ground to a fine powder and the 
mineral particles removed by stirring up the powder with 
much water, when the mineral constituents rapidly sink to 
the bottom, whilst particles derived from the nuts remain 
suspended. The water is then drawn off together with the 
suspended powder, which is separated by filtering and 
pressing, and then dried in any suitable manner. The dry 
powder is sieved and mixed with enough water to make the 
separate particles cohere. The process may also be simpli- 
fied by drying the powder only to such an extent that it 
retains the proper quantity of water. The mass obtained 
is filled into moulds, which give the shape of the desired 
article, and pressed in a press whilst subjected to a 
temperature of 125— 150° C. According to the size, the 
moulds are subjected to the action of pressure and heat 
for a period of three to ten minutes. The pressed articles 
are then taken out of the moulds, dried, and finished. In 
making coloured articles, a colouring matter is added to the 
mass before it is filled into the moulds. 

Brolik employs ivory-nut waste as a hardening material 
for Bessemer steel and iron. The hardening powder is made 
from the sawdust and the smaller turnings and filings. The 
larger pieces can be ground in a drug mill or other similar 
apparatus, yet it is advisable to employ instead a suitable 
rasping arrangement, since there is then a considerable saving 
in cost — ten to twelve shillings per cwt. being charged for 
grinding the shavings. The powder obtained in this 
manner may also be mixed with other hardening agents. 
The latter substances can also, if they are soluble in water or 
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at least able to impart their special properties to it, be made 
to penetrate the powdered portions of the nut, by placing the 
powdered nut, which strongly attracts water, in water con- 
taining the requisite substances, removing it after twenty- 
four hours, and thoroughly drying it. Hardening experiments 
were conducted in the following manner with unmixed ivory- 
nut powder, ground to the size of fine sand : — A cementa- 
tion box, filled in the ordinary manner with Bessemer steel 
plates and iron to be hardened, and with leather charcoal, 
received at the top at one narrow end a layer of the ivory- 
nut powder, in which were placed a disc about 5 cm. 
(2 in.) in diameter and then a piece of steel about 12 mm. 
(I in.) thick. The lid was then placed on the box and the 
joints luted with clay. After heating in a coal fire for three 
hours the box was opened. When cold it was found that, in 
consequence of insufficient or irregular heating, insufficient 
time or bad leather charcoal, the iron placed in the latter 
was irregularly hard, so that it could not be used and had to 
be hardened again, whilst the two pieces in the ivory-nut 
powder were of uniform hardness and could not be attacked 
in any place by a good new file without blunting it. The 
disc was then broken ; it showed on all sides a completely 
regular hardened crust about 1 mm. ('04 inch) thick. The 
hardening experiment was then repeated with fresh ivory-nut 
powder ; in regard to the hardness, exactly the same results 
were obtained. Although the hardness of the iron immersed 
in the ivory-nut was faultless and of a regularity not 
hitherto obtained, it was found that ivory-nut powder of 
too fine grain was not suitable for hardening steel which 
was required to be of good appearance. The surface of the 
hardened steel was covered with spots, which were pre- 
sumably produced by the penetration of the exceptionally 
fine grains of powder into the pores of the iron when 
enlarged by heat, where they remained and were fixed by 
the contraction during or after cooling. It is not impossible 
that with coarser powder, as from the sawdust and raspings, 
or by mixing or saturating the ivory-nut powder with other 
suitable ingredients, this hindrance to the general use may be 
avoided. 



CHAPTER LIII 

TUEF 

Utilisation of Turf Waste. — G. Gercke, jun., of Ham- 
burg, has patented a process for producing plastic objects from 
turf as a substitute for wood, pasteboard, paper, etc. This 
process is based upon obtaining the turf without damage 
to the fibres, which are easily injured whilst moist. In 
removing the turf, in order not to cut through the fibres, 
the longitudinal layers must be followed, which occasionally 
form flat sheets. 

After the raw material has been cut to the desired 
dimensions, it is dried upon boards or a framework of 
laths, during which it must be protected from the sun in 
order to prevent the plates from warping. When completely 
dry, the material is subjected to a special treatment, the 
essential part of which is strong compression, according to 
the particular purpose for which it is required. The very 
hygroscopic nature of the product must be removed if it is 
to be exposed to the action of the weather. For example, in 
order to make a roofing material, the dry turf plates, com- 
pressed to 10—20 per cent, of their original thickness, a^e 
protected from moisture by saturation with a warm mixture 
of tar and asphalt. The excess of tar is removed by squeezing 
between rollers and the plates then dusted with sand in 
order to prevent them from sticking together. 

Another method consists in saturating the turf plates 
with milk of lime, drying, pressing or rolling, soaking in 
water-glass, and then coating with water-glass paint. 

In order to increase the strength of these plates, which 
is already considerable, materials of various kinds are inserted 
and fastened between two or more turf plates by means 
of a suitable adhesive agent. For this purpose are used : 
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bast, tow, cord, long turf fibres, heather, twigs, metal, waste 
wood. The binding and impregnating materials are : . tar, 
asphalt, wood cement, glue, water-glass, varnish, pitch, clay, 
rosin, cement. 

The compressed turf may be subjected to any required 
treatment; it is suitable for replacing papier-raach^ and 
wood-pulp, wood, horn, bones, etc. (Compare T. KoUer, 
Die Torf'Industrie, Vienna, Hartleben, pp. 109 et seq.) 



CHAPTER LIV 

THE WASTE WATERS OF CLOTH FACTORIES 

Utilisation of the Waste Waters in Cloth Factories. 

— It is well known that the waste waters foul the streams 
into which they run, and are, on that account, often a source 
of great inconvenience, and frequently a restraint on the 
manufacture. This is especially the case in flat countries, 
such as Holland, where — as, for example, at Tilburg — the 
endeavours to remove the stagnant waste waters, in this 
case on sanitary grounds, have been extraordinary. Accord- 
ing to the method of E. Schwamborn, of Aix {Dingler*s 
Journ,, 216, p. 517), the waste waters of cloth factories are 
used to prepare lime soaps. The process follows. 

Attempts at clarification, by means of sand or cinder 
filters, in the so-called clarifying vats, have been unsuccessful, 
on account of the mechanical difficulties in separating the 
soap, though they may have succeeded with the solid sus- 
pended impurities. The soap may be removed by chemical 
means, when not only is the water made clear, but also the 
fatty matters contained in it are regained. Schwamborn's 
process is applied in a similar manner to the recovery of the 
wool-fat from the waste waters of wool-washing. The waters 
used in fulling and rinsing the cloth are included under the 
head of waste waters. They contain the oil used in spinning, 
to the extent of 1 5 per cent, of the weight of the yarn ; the 
soap used in fulling, up to 30 per cent, of the weight of the 
cloth ; also the size used for strengthening the warp, and, in 
addition, dissolved colouring matters and wool fibres. The clari- 
fication of these wash waters depends on their decomposition 
by means of milk of lime ; the method is here described : — 

The washing-machines are provided with two waste pipes 
— the one to conduct the first thick liquid, which is gradually 
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becoming more dilute, into the collecting-tank; the other, 
for the direct removal of the next clear waters, which are fit 
to run direct into a stream. When the collecting-tank, the 
capacity of which is assumed at 150 cub. metres (5295 cub. 
ft.), is full, which takes about fourteen days with a con- 
sumption of 2000 lb. of soap, corresponding to the washing 
of about 8000 lb. of cloth, its contents are run ofif through 
a pipe at the bottom, into a tank of equal size at a lower 
level. At the same time a thin stream of milk of lime is run 
from a vessel (a vat provided with a tap) at a higher level, 
into the outflow pipe, so that intimate mixing is obtained. 
Sloping ground is an advantage for this arrangement ; when 
the slope is absent its place must be taken by pumps. 

The bottom of the second tank — the decomposing tank — 
is made of three layers of bricks. The lowest is continuous ; 
in the next, the bricks are laid with as great interspaces as 
the third layer, which is also continuous and united with 
mortar, will permit. This system of drains has an inclination 
towards one corner of the tank, and communicates there with 
a wooden funnel, firmly fixed over a drain, reaching to the 
top of the tank, and provided with a slanting series of holes, 
which are closed with wooden plugs whilst the suds are being 
admitted. 

The decomposition takes place immediately the liquid 
enters the tank ; the lime soap separates in flocculent form, 
surrounds the solid suspended substances, such as colouring 
matters, wool fibres, etc., and sinks with them gradually to 
the bottom, where it finally unites to a thick precipitate. 
Even in a few minutes the uppermost layer of the liquid is 
free from the precipitate, and not only clear, but also colour* 
less. This clarification, which extends to the dissolved as 
well as the suspended colouring matters, is so energetic, that 
considerable quantities of dye waters may be added and 
simultaneously purified. The characteristic appearance of 
the flocks in the clear water affords a sign of a sufl&cient 
introduction of lime ; excess, however, does not hinder the 
purification. For 150 cub. metres (5295 cub. ft.) of the 
suds, there is required approximately 0*3 cub. metre 
(10*6 cub. ft.) of lime paste, in the condition in which it 
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occurs in the lime pits ; this quantity naturally varies accord- 
ing to the amount of soap in the suds. 

The clear water is run off by drawing the wooden plugs, 
fixed in the funnel, from above down to the point to which 
the thick lime soap is found to have settled. The manipu- 
lation is easier if a board partition, also provided with plugs, 
be placed transversely in front of the funnel, up to half 
the height of the tank. More water is removed, partly by 
evaporation, which is assisted by the cracking and shrinking 
of th6 mud, and partly by filtration in the system of drains 
at the bottom. . After several days, the substance lying at 
the bottom is a dried fissured paste, which is thrown out on 
the edge of the tank, and spread, in order that it may dry 
further. In winter, when necessary, the final drying takes 
place under cover on suitable supports. If the space at 
disposal permits a second decomposing tank to be laid down, 
the drying is made considerably easier, by reason of the 
double time allowed. 

The lime soap retains the last portions of liquid for a long 
time, whilst, on account of its fatty nature, i.e. its want of 
adhesion to water, it does not again take up water, such as 
rain, which may reach it. A lump, after drying in the air, 
may lie for days under water without appreciably gaining in 
weight. The residue from a tank 1*5 metre (4 ft. 11 in.) 
deep, is about 6 cms. (2*4 in.) thick, which corresponds to 
4 per cent, of the liquid. 

From statistics it is calculated that the yearly quantity 
of cloth washed in Europe is about 10,000,000 cwt. Now, 
8000 lb. correspond, as stated above, to 5295 cub. feet of 
water, or to 2000 lb. of soap, and include 800 lb. of oil used in 
the spinning (calculated at 10 per cent, of the weight of the 
cloth). There are obtained on the average about 1600 lb. 
of lime soap. Accordingly the soap waters of Europe corre- 
spond to about 2,000,000 cwt. of lime soap per annum, which 
is produced from 2,500,000 cwt. of soap, containing 45 per cent., 
or 1,125,000 cwt., of fatty acids, and from the oil used in 
spinning, 10 per cent, of the weight of the wool, or 1,000,000 
cwt. of fatty acids. Thus, there is a total of 2,125,000 cwt. 
of fats annually used in European cloth factories. 
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The lime soap is insoluble in water ; it dries to a pale to 
dark-grey substance, which can easily be cut, has a fatty feel, 
and burns with a flame when lighted. By decomposing the 
lime soap with acid, and then washing with hot water, a fatty 
substance is obtained, which may be directly subjected to 
distillation. The distillate separates on pressing into solid 
and liquid fatty matter. According to Stahlschmidt, if the 
lime soaps are decomposed, and then treated with ether or 
carbon bisulphide, fatty acids are obtained which are at once 
applicable in soap-making. Treatment of the lime soap in this 
inexpensive manner would be very profitable. 



CHAPTER LV 

WINE RESIDUES 

Utilisation of the Marc. — This utilisation extends to the 
production of tartaric acid, the preparation of marc brandy 
and oenanthylic ethers, the production of illuminating gas, 
Frankfort black, and grape-seed oil. To these are to be 
added the methods used by wine-growers for utilising the 
marc : the production of marc brandy and after- wine, the 
preparation of wine vinegar from the marc, the use of the 
marc in making verdigris, the consumption of the marc by 
cattle, its use as fuel, and the recovery of potash from 
the ash. 

Utilisation of the Crude Tartar. — To this division 
belong the preparation of tartaric acid from crude tartar and 
calcium tartrate, the preparation of cream of tartar and the 
more important tartaric acid compounds. 

Utilisation of the Lees. — The principal products are : 
lees brandy and oenanthylic ether, calcium tartrate and 
cream of tartar, Frankfort black, and lees wine* 

We must here abstain from dealing further with this 
highly important industry of waste products, which is so 
extremely profitable in wine-growing districts, since a special 
work on the subject has just been published, which is highly 
to be recommended. In it the utilisation of all the wine 
residues is taught in so thorough a manner, easy to under- 
stand and highly practical, that the whole work would 
have to be reproduced if we were to deal with the subject 
in a thorough and useful manner. We therefore refer any- 
one who intends to undertake the treatment of wine residues, 
which is extremely profitable in wine-producing districts, 
for instruction in the necessary arrangements and method to 
the book Verwerthung der Weinriickstdnde, etc., by Antonio 
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dal Piaz, Vienna, Hartleben. To this practical work we add 
here, in regard to the treatment of wine lees, only the process 
by which the firm of Wagemann, Seybel, & Co. of Liesing, 
near Vienna, produces tartar and tartaric acid from this 
substance. 

According to E. Kopp {Naiurf, Ges/in Zurich; Neueste 
Erfindungen und Erfahrungen), 4000 cwt. of tartaric acid 
are produced by this firm. The wine lees, which deposit 
separately in the spring after the main fermentation, amount 
to about 5 per cent, of the wine. They were generally 
only used as manure. Since 1854 Seybel has successfully 
endeavoured to facilitate the collection. The process begins 
by subjecting the lees to a high pressure in filter presses, 
100 eimer (58 hectolitres or 1276 gals.) then produce 
40 hectolitres (880 gals.) of wine and 20 cwt. of dry 
lees. With tJie yearly production of about 4,000,000 eimer 
of wine in Austria, the lees deposited amount to 60,000 cwt., 
and represent a value of over 4,000,000 francs (£160,000). 
The pressed lees contain organic matter, yeast cells, etc., 
tartar, tartrate of lime, colouring matter, clay, and sand ; 
they are treated with hot dilute hydrochloric acid, which 
dissolves principally the tartar and tartrate of lime. The 
liquid, after filtering through woollen cloth, gives, on cooling, 
crystals of tartar, which can be purified by recrystallisation. 
The mother liquors, when neutralised by milk of lime, give 
a precipitate of tartrate of lime, which is converted into 
tartaric acid. From the last impure mother liquors of the 
tartaric acid, a further quantity of tartar is obtained by the 
addition of potassium chloride. 

A process introduced by MUller and Schlosser, of Vienna, 
for the recovery of tartaric acid from the deposits in dis- 
charging vats, is allied to the above treatment of wine lees. 
It is well known that tartaric acid is used in considerable 
quantity for discharging printed Turkey-red fabrics; it is 
then precipitated in a bleaching-powder vat as tartrate of 
lime. The method of treatment is not known, but is readily 
imagined. It would be very convenient to combine it with 
the treatment of wine lees. The calcium tartrate from 
the discharging vats contains excess of lime, which could 
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serve for neutralising the hydrochloric acid decoction of 
the lees. 

Among the applications of grape marc Pasque gives atten- 
tion to the production of oil (Giorn. agr, itcd.), which, according 
to Pezeyre, is very simple and profitable. The well-dried 
marc is stirred to a paste, brought into a pan, frequently 
well stirred, boiling water added— 1 gal. to 4 gals, of marc 
— and, as soon as the oil exudes, the whole mass brought 
to the press. The oil is pale yellow and odourless ; it can 
be used for burning purposes, and, when sufficiently purified, 
for culinary use, but it should not be long kept, since it 
soon becomes brown and rancid. The oil cakes may find 
application as fuel in distilleries ; the ash forms an excellent 
manure for vineyards, being very rich in potash. 

The firm of D. Savalle fils et Cie., of Paris, has con- 
structed a special portable apparatus for the production of 
alcohol from grape marc {Oesterreich-ungarische Brennerei- 
Zeitung}. Although this apparatus cannot be taken to every 
vineyard on an ordinary waggon, yet it can be taken to 
some one vineyard, to which the marc from the neighbouring 
vineyards can be inexpensively and simply removed. Not 
only is the pressed grape marc to be distilled, but also the 
fluid residues obtained after the fermentation and repose of 
the wine, the deposit, and the lees. With such a method, 
the co-operative spirit is a necessity, for several, or many, 
vine-growers would have to combine to obtain the apparatus ; 
they would then treat their residues in turn according to 
agreement. 



CHAPTER LVI 

TINPLATE WASTE 

Utilisation of Waste Tinplate. — ^A. Ott, of New York, 
has obtained an English patent for utilising waste tinplate 
{Deutsche Industrie-Zeit,). The tin is recovered from the tin- 
plate by means of a mixture of acids, which also dissolve the 
lead contained in the coating on lower qualities of tinplate. 
From this solution the lead is precipitated, and then the tin by 
means of sheet zinc ; the tin is washed with water and melted. 
The acids also dissolve about 5 per cent, of iron ; for every 
two parts of tin about one part of zinc is dissolved; the 
liquid obtained, therefore, consists of a mixture of iron and 
zinc salts. It can be used for saturating wood, as a dis- 
infectant, and also in the preparation of certain painters' 
colours. The iron, freed from tin, is washed in water, then 
in weak alkali, and, finally, again in water. It is sold to 
iron-works, where it is introduced in the puddling process. 

The tinplate waste is brought into a perforated copper 
cylinder, which is brought by a crane to a series of vats 
placed in a semicircle round it. All the vats are provided 
with bearings for the axle of the cylinder, which is then 
rotated by mechanical power. The cylinder is 1*8 metre 
(71 in.) long, 1*95 metre (78 in.) in diameter; the body is 
made of sheet-copper, 3 mm. (012 in.) thick, whilst the ends 
are 7 mm. (0*28 in.) thick; the body is provided with holes 
9J mm. (0*38 in.) in diameter, and 50 mm. (2 in.) apart, it is 
bound round with copper rods 10 mm. (0*4 in.) in diameter. 
A door with two flaps serves for the introduction and removal 
of the tinplate. This drum is brought in succession into each 
of the four vats mentioned above, of which the first is the 
acid bath, the second is a slight alkaline bath, the third water, 
and the fourth again an alkaline bath. The four vats are of 
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equal size; they are made of fir, 64 mm. (2*5 in.) thick, are 
1*3 metre (52 in.) deep, 2 2 metres (86 in.) long, and 1*9 
metre (75 in.) wide. The bearings for the drum are so placed 
in all the vats that it is only half immersed. The first vat, 
which contains the acid bath, is lined with sheets of glass, 
cemented together with a mixture of sulphur and steatite. 
The charge for the cylinder is 430 kilos. (967 lb.), and the 
duration of the operation, including emptying the drum, 
seventy-one minute?. For 1000 kilos, of tinplate, 242 kilos, 
of hydrochloric acid and 7 kilos, of nitric acid are required on 
the average. The nitric acid is added to the hydrochloric 
acid when the latter is almost exhausted. At the commence- 
ment of the process, the acid vessel is two-thirds filled with 
hydrochloric acid of 20*^6. After complete saturation, the 
acid is evaporated in copper pans to one-third of its volume, 
any lead which may be present precipitated by sulphuric acid, 
the clear solution drawn ofif into a large wooden tub after the 
lead sulphate has settled, and, after dilution with double its 
volume of water, the tin precipitated by zinc; 32*6 parts of 
zinc are required to 58 parts of tin. 

According to Ott, the process of Seely (Muster-Zeit.) is much 
used in Switzerland, and with great success. The apparatus 
employed is a cylinder of boiler-plate, the bottom and top of 
which can be removed and closed by a glycerine lute. A pipe 
enters the upper part of the cylinder, also through a glycerine 
lute. A delivery-pipe leads from the lowest point of the 
bottom. In the lower part of the cylinder there is a per- 
forated double bottom, which can be placed parallel with 
the bottom, or turned vertically down. The tinplate is 
heaped up on the false bottom, the bottom and the cover 
attached, and then chlorine gas introduced through the 
delivery-pipe. The reaction begins at once, and continues 
for a longer or shorter time according to the quantity of the 
tin scrap ; about five to six hours are required to remove the 
tin from 10 cwt The resulting gaseous tin chloride may be 
passed directly into water; it is quite free from iron. To 
empty the apparatus, the bottom is removed, and then the 
false bottom, with the remains of the tinplate, allowed to fall 
down. The average quantity of tin contained in waste 
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tinplate is 5 per cent., thus, from 1000 lb., Ill lb. of anhydrous 
stannic chloride and 950 lb. of iron are obtained, for which 
80 lb. of chlorine are sufficient. 

Another method for utilising copper and tinplate waste 
consists of the following process {Dingier' s Journ,, 219, 
p. 96-):-— The waste tinned iron is introduced into copper 
solutions, in which the copper is present as chloride or 
sulphate ; if this is not the case, sodium chloride and sulphate 
are added. The tin is loosened and precipitated as hydrate, 
the bared iron then precipitates the copper from solution. The 
stannic hydroxide is removed before the reducing action of 
the iron commences. 

Noteworthy and very practical observations in regard to 
the treatment of waste tinplate have been made by C. Kiinzel 
of Blasewitz, near Dresden {Berg- und hilUenmdnnische Zeit,), 
The purchase of tinplate waste requires a certain amount of 
caution. The thinner the tinplate, the more tin it contains. 
French tinplate contains more tin than English. Very fre- 
quently, however, a mixture of tin and lead is used for tinning 
iron ; if the lead exceeds 1 per cent, of the tin, the tinplate 
should be avoided in buying; such tinplate must always 
be separately treated, since it ofiFers great difficulties in the 
process. Lacquered tinplate is also to be avoided, since the 
lacquer is not thoroughly attacked by boiling in dilute acid ; it 
is therefore necessary to destroy it by a gentle preliminary 
heating, which causes the yield of tin to be somewhat lower. 
In delivery contracts with dealers the quality of the tinplate 
must be exactly stipulated. Since it is impossible to stipu- 
late for a certain proportion of tin in buying tinplate waste, 
the material must be inspected, a price offered according to 
the thickness of the plate — the thinner the more valuable — 
with the arrangement that, if iron coated with lead or zinc is 
added, the delivery will be rejected. When old barrels or 
packing-cases are to be had cheap, the waste is stamped down in 
them for transport ; otherwise, compressed packages are made, 
weighing 1-2 cwt., by stamping the waste into a strong rect- 
angular wooden box, somewhat wider at the top than the bottom, 
by means of a strong rammer, and then binding the packages 
together by means of two crossed iron wires or old hoop iron. 



UTILISATION OF WASTE TINPLATE 247 

In treating these compressed packages of waste tinplate, it is 
necessary to loosen them as far as possible, so that two sur- 
faces of tin may not be in such firm contact that the acid 
cannot penetrate between them. This is best done at first 
with a large three or four-pronged fork, and afterwards by 
loosening and bending by hand. 

To dissolve the tin from the waste tinplate Kiinzel em- 
ploys a boiling mixture of one part of strong nitric acid and 
ten parts of strong hydrochloric acid diluted with so much 
water that the liquid remains about four inches deep over the 
waste when the boiling is finished. The liquid is contained 
in wood or brick vats lined inside with a mixture of two parts 
of sand and one part of sulphur, applied hot. A pipe of 
vulcanised rubber reaches to the bottom of one of these 
vessels, which should not have a less capacity than 1 cub. 
metre (3 5 '3 cub. ft.); the vulcanised pipe is fastened above 
to a copper pipe, which is in communication with a steam 
generator. 

The empty vat is almost completely filled with the 
loosened tinplate waste, then the acid mixture is added after 
it has been diluted to such an extent that it covers about 
four-fifths of the tinplate. Steam is now allowed to enter 
in order to heat the solution to boiling ; the introduction of 
steam is continued, with the valve only so far opened that the 
liquid just boils, until the upper parts of the tinplate are 
entirely freed from tin and the evolution of hydrogen has 
almost stopped. On an average, the boiling lasts thirty to 
forty-five minutes. The solution, which contains all the tin 
and a certain quantity of ferric chloride, is run ofif whilst 
still hot, by opening a tap at the bottom of the vessel, into 
a tank, where the greater part of the lead chloride separates 
on cooling. On the average, for 1000 kilos. (1 ton) of 
tinplate containing 5-6 per cent, of tin, there are required 
300 kilos. (6 cwt.) of hydrochloric acid and 30 kilos. (66 lb.) 
of nitric acid, which are diluted with about 3*5-4 cub. 
metres (123—140 cub. ft.) of water or wash waters. 

The residual iron is washed with water in the dissolving 
tank, the washings being used to dilute the acid for the next 
operation. The iron is then lifted out by means of forks, and 
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as quickly as possible stamped into bundles. It is dangerous 
to keep this iron waste piled up loosely in large heaps, since 
it readily oxidises, and may become red hot. For the treat- 
ment of 3000 kilos. (3 tons) of waste tinplate per day of 
twelve hours, six or seven dissolving tanks are required, each 
of 3 cub. metres (106 cub. ft.) capacity, otherwise an excessive 
amount of labour is requisite. 

The cooled solution drawn ofif from the tinplate is 
brought into large wooden tubs or stone tanks filled with 
old zinc plates, old zinc roofing sheets, etc., by which the tin 
is precipitated, together with any lead present in the liquid. 
The precipitation must take place without any noteworthy 
evolution of gas ; if any effervescence occurs, the solution is 
too acid and zinc is wasted. The filtered solution is tested 
by slightly acidifying, and passing in sulphuretted hydrogen, 
to see if all the tin is precipitated. The precipitation requires 
two hours at the most. A tap at the bottom of the tub is 
then opened, and the clear solution, which it is impracticable 
to utilise further, run off through a strainer of sailclothi The 
zinc remaining in the tub is then gently shaken to remove the 
deposited spongy tin ; the tub is again filled with the solution 
obtained by boiling the tinplate, and the process thus con- 
tinued, with occasional replacement of the dissolved zinc, 
until the tub is filled to the extent of one-third to a half 
with spongy tin. 

The spongy tin is removed from the tub and washed 
through a metal sieve with a mesh of 3—4 sq. mm. into a 
sailcloth strainer by means of a stream of water. Small 
undissolved pieces of zinc remain on the sieve and are 
returned to the precipitating tub. Solder is also caught by 
the sieve ; it is melted and sold as soft solder. The spongy 
tin which has passed through the sieve is washed with water 
on the linen filter so long as the washings contain iron. It 
is then squeezed in linen bags under a hydraulic or screw 
press in order to remove as much water as possible. The 
spongy tin so obtained is now converted into tin crystals 
(stannous chloride) ; it is desirable to dissolve it in hydro- 
chloric acid immediately after it has been pressed. The 
manufacture of tin crystals is sufficiently well known ; Ktinzel 
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therefore gives further only the treatment of the insoluble 
residue obtained in dissolving the spongy tin. This consists 
principally of lead chloride and stannic oxide ; Klinzel has 
successfully treated it by mixing with about two volumes of 
common small coal, and heating it to a red heat in a small 
Belgian zinc furnace, with six retorts set in two series at a 
considerable inclination to the front. If sufficient lead 
chloride is not present, it is added from that obtained in 
the cooling-tanks from the tin solution. All the tin present 
then passes into the receiver as stannic chloride, whilst 
metallic lead is formed at the same time ; the latter partly 
runs into the receiver, and is partly recovered in grains by 
washing the residue in the retort. 

In regard to the treatment of the residue of iron, Klinzel 
remarks that, with a daily treatment of a small quantity of 
waste tinplate, and where sulphuric acid is to be obtained at 
a low price, the waste iron may be profitably converted into 
green vitriol. 

Klinzel obtained a good product by making the waste 
iron up into bundles of about 5 kilos. (11 lb.) and intro- 
ducing it into the puddling furnace at the moment when 
the iron is in the most spongy condition, the quantity being 
10-20 parts to 100 parts of pig-iron. An excellent white 
cast-iron was obtained by melting 2 parts of the waste iron 
with 5 parts of grey cast-iron turnings in the cupola furnace. 

W. D. Walbridge proposes to immerse waste tinplate as 
the positive pole in a bath containing 3 kilos, of caustic soda, 
1 kilo, of sodium nitrate, and 7 litres of water ; or 3 kilos, 
of caustic potash, 1 kilo, of potassium nitrate, and 7 litres 
of water; or, finally, 0*2 kilo, of caustic potash, 2 kilos, of 
common salt, and 7 litres of water, whilst the iron vessel 
forms the negative pole. The inventor has obtained a patent 
for the process. 

K Eoussett recommended the following method : — In the 
first place, the tin must "be heated in an oxidising flame, 
which oxidises all the free tin, and also that combined with 
iron. The tinplate is now covered with a brown, brittle crust, 
the upper layer of which consists of stannic oxide, and the 
lower of the magnetic oxide of iron ; it is then squeezed between 
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grooved rollers in order to remove the oxides, which are sieved 
and collected. The residual iron gives a good wrought- or 
cast-iron, but is said to be especially suitable for precipitating 
copper. The stannic oxide, although mixed with the iron 
oxide, can easily be reduced to metallic tin by the usual 
methods ; the metal obtained is free from sulphur and 
arsenic. 



CHAPTEE LVII 

WOOL WASTE 
Utilisation of Waste Wool in making Shoddy, etc. 

(Grothe, Technologie der Gespinnstfasern, vol. i., p. 209 et seq,; 
Muspratt, Frakt, Ghemie, vol vi.). — For this purpose rags and 
all waste containing woollen fibre, thus also mixed fabrics of 
cotton and wool, are employed. The rags and waste are first 
subjected to certain preliminary operations in order to remove 
buttons, seams, string, etc., when about 20 per cent, of waste 
is produced, which is used in agriculture. The rags are then 
cut into pieces of suitable size, and sorted, first into pure 
woollen and mix:ed fabrics, then according to the character 
of the wool fibres, whether short or long. The short-fibred 
rags consist mainly of cloth and all materials of carded yarn, 
milled or not; the long-fibred consist of all unmilled, and 
especially of worsted, fabrics. The names of mungo and 
shoddy are used respectively for the materials difierentiated 
in the last sentence, after they have been torn up. Finally, 
there is a selection according to colour. 

In the following we proceed exactly according to the 
authorities quoted. Since rags come into commerce unsorted, 
or only superficially sorted, the manufacturer has to undertake 
the operation. This, however, loosens .the dust in the rags, 
and the air of the sorting-room is soon something more than 
saturated with it; good ventilation is accordingly requisite, 
or the rags must first be cleaned. Breton, of Pont de Claix, 
accomplishes this purpose by arranging the rags in a layer 
30 cm. (1 ft.) deep and moistening with bleaching-powder 
solution, 0*5 litre per sq. metre (1 gal. per 100 sq. ft.). 
They are then brought into a species of corn-sifter provided 
with a fan, which drives out the dust into a flue 5-6 metres 
(16-20 ft.) long, where it deposits. At the outlet is a 
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water-pipe which gives a fine spray of water aqd so throws 
down all the dust. Especially dirty rags are boiled with milk 
of lime and a little soda, washed in a washing-macbiiie, and 



then dried. A rag-washer, which works very well, has been 
constructed by Pianche & Rieter {Polyi. Centralhi). This 
machine, which is made by Serapbin, of Paris, has two 
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spherical vessels for the reception of the rags ; the two may 
be worked together or separately, for which purpose the 
driving mechanism is provided with the requisite clutches. 

Fig, 12 is a vertical section through the axes of both 
vessels. Fig, 13 a ground plan, and Fig. 14 an elevation, of 
the driving mechanism. In Fig. 12 are shown the different 
systems used for introducing the steam and the washing liquid, 
the various possible modifications being represented at the 
same time. 

Each of the spherical vessels A and A^ is about 6 ft. in 
diameter, can contain about 1300 lb. of rags, and is con- 



structed of |-inch boiler-plate, so that it can resist a steam 
pressure of five atmospheres. Ear.b also contains a double 
perforated bottom of thinner plate a, fastened to the outer 
walls by angle irons i. The holes in these double bottoms 
are tV in. wide, and are at distances of 1 in. apart. Over this 
bottom are scrapers B or rods 18 in. long, which separate the 
rags and keep them in motion. The steam enters the ring- 
shaped space *' between the perforated bottom and the outer 
wall. The manhole C attached to the vessel serves for the admis- 
sion of the rags and in case of repairs ; it is closed by a cover 
fastened down either by ordinary bolts as shown for the vessel 
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on the left, or, as seen on the vessel at the right and in 
Fig. 15, by a swinging nut c' moving on a hinge. The valve 
D, shown magnified and in section in Fig. 16, is also 
affixed to the exterior of the vessels ; it serves as a safety- 
valve gainst too strong pressures, and can also admit air in 
case of the production of a vacuum. It has a brass seating, 
fitting on to the spherical vessel, in which moves the real 
safety-valve d, provided with a conical face tapering down- 
wards and pressed down by a strong spring e, which works 
t^ainst the plate / 
of the arch Z*, which 
again carries a screw 
/' for regulating the 
preasureof thespring. 
The valve d is again 
in its turn perforated 
and carries the second 
valve d' , opening in- 
wards, which is 
kept pressed into 
its seat by the weak 
spring e. 

A tap B on each 
vessel, opposite to 
the manhole, serves 
to run off the liquor 
or washing liquid. 

Each vessel has two 
Fig. li. ■ ■ Ti 1 n/ 

pinions F and F , 
which are carried by the columns Q bolted to the brick- 
work (?'. The longer axis F' carries a large cog-wheel H, 
which is actuated by the cog-wheel /i. Both the wheels 
h, are on the shaft J, which has its hearings in the columns 
G and in a third and lower one. The main shaft 0, with 
the pulleys P and F', moves the shafts /, etc., by means 
of the cog-wheels i and i'. In order that each vessel may be 
revolved separately, the cog-wheels % are not attached to the 
shaft 0, but are made to rotate by means of the clutches j 
and ,/', worked by the levers J and J'. Further, in order to 
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be able to move the vessels by hand so that the manhole may 
be exactly at the high'est or lowest point, in order that the 
rags can be introduced or removed, the conical cog-wheel k 
is also attached to the shaft 0. It is moved from the sub- 
sidiary shaft Z/, to which a handle can be attached, and which 
is supported on bearings in the supports k\ 

From Fig. 12 it is seen that the steam and the various 
washing liquids can be conducted through the hollow axes F 
and F' in various ways. On the left side of Fig. 1 2 there is 
a central pipe L which rests in a small support and divides 
into two branches, provided with the taps I and I' (Figs. 1 2 
and 14), in order to be able to cut ofiF the pipes. In the 
interior of the vessel, is seen the pipe L continued downwards 
by the pipe L\ which terminates between the outer wall and 
the perforated bottom and rotates with the vessel. The fixed 





Fig. 15. . Fig. 16. 

pipe M enters through the other axle F\ it also divides 
outside into two branches with taps m and m\ whilst the 
other end is continued inside by the arm M, which is screwed 
on in an upward direction. A perforated diaphragm a' at the 
side protects the pipe from contact with the rags. The steam 
enters through this pipe at a pressure which can be regulated 
as required. 

The pipes affixed to the vessel on the right are dififerently 
arranged. The steam there enters on the left through a 
rose n. On the opposite side are to be seen two fixed pipes 
M and N, of which M is directed upwards and introduces 
the steam, N downwards and introduces or removes the 
washing liquid. Both these pipes are connected by a T-piece 
with the central pipe M which passes through the axle F, 
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and is separated by a diaphragm into two divisions. The 
inside pipes M and N are here also protected from the rags 
by a perforated wall almost concentric with the spherical 
vessel and somewhat differently fixed. A tank N perforated 
by many small holes is placed under each vessel. It may 
be set on wheels so that it can readily be moved on a 
tramway. It is intended to receive and drain the washed 
rags which fall out of the emptied boiler. 

These machines work exactly like the ordinary cylindrical 
form. When in the position of Fig. 12 they can be filled 
through the manhole, which is then closed tightly. When 



t 



Pig. 17. 

the washing is finished, the liquid is first run off by the tap 
E, then the sphere is turned so tliat the manhole is at the 
bottom. The latter is then opened, and the rags fall out. 

It is necessary to produce a constant uniform steam 
pressure, which is effected by means of the regulator, shown 
separately in Fig. 17. It consists of a vessel A with a cylinder 
C east on at the top, and with two side pipes B and ^ placed 
opposite to one another, of which B' is used to carry away 
the steam, whilst a safety-valve S is screwed on B. The 
cylinder G is provided with a bored metallic liuing, in which 
works the double piston pp^. Between the two discs of the 
piston communication is made with the vessel A by means 
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of the side passage a, the opening of which is opposite to the 
pipe c. The top of the piston is connected by the rod / with 
the lever Z, on the end of which is an arc s to carry the 
weight F. When, for example, the safety-valve is loaded to 
four atmospheres pressure, which is not to be exceeded, the 
weight of the lever L must be so regulated that the space 
between the two discs of the piston just makes communica- 
tion between the channel a and the entry pipe c. If now, e.g,, 
steam of six atmospheres enters, the piston rises, and the 
openings of c and a are narrowed so that little steam can 
enter the vessel A. The safety-valve S prevents any 
accidental accumulation of pressure. 

According to the mode of operation there are four 
dififerent methods of manufacture for mungo and shoddy 
(following Grothe's account): — 

1. The woollen rags, unwashed and only moistened, are 
torn up, and are not fur-ther treated in the carding-machine, 
but are at once put on the market. The loosened mass thus 
still contains all the dust and dirt. 

2. The woollen rags are not washed before tearing, but 
are afterwards treated dry in the carding-machine, by which 
a quantity of dust is removed. 

3. The woollen rags are not washed before tearing, but 
are afterwards somewhat oiled and carded. This system 
affords the greatest opportunities for fraud. In the first 
place, the oil fastens the dust on the fibres, and also those 
fibres which are too short for further treatment, and almost 
like dust, to the longer fibres. When this carded mungo 
comes into the market it generally deceives the purchaser. 
It is difierent when the mungo manufacturer spins it himself. 

4. The woollen rags are well washed before tearing, and 
afterwards are not oiled or carded. This method always 
produces a very clean and unmixed fibre, free from all 
impurities. It also avoids the production of dust during 
the treatment, which injuriously afiects the workpeople in 
the other methods. 

The process of the treatment has now been sketched. 
After freeing from buttons and seams, the rags are cut 
into small pieces and then go to the " devil," which tears 
17 



258 THE UTILISATION OF WASTE PRODUCTS 

them into fibres. This procedure is adopted in methods 
1, 2, and 3 ; but in method 4 the rags are washed before 
tearing, and again afterwards, then centrifugalised and dried. 
The " devil,*' or tearing-machine, consists of a large drum, the 
surface of which is thickly studded with iron teeth, and which 
moves with a great velocity — about 550—700 revolutions per 
minute. The rags are fed to the drum between two rollers 
of small diameter provided with longitudinal grooves. These 
rollers revolve very slowly and, since the upper is pressed 
very hard on the lower by means of a lever and weight, the 
rags are held fast and the teeth of the drum comb out only 
the cross threads. This operation produces a fibrous mass, 
which is termed mungo when it originates in cloth and 
carded yarn fabrics, and shoddy when it is produced from 
worsted and long-fibred materials. 

In the above methods a treatment in the willy follows 
on the tearing by the " devil.*' The rollers of the former 
have strong wire points with an elastic attachment to the 
surface. Mungo is generally not similarly treated in the 
willy and the following carding-machine, but is at once 
packed and afterwards carded mixed with natural wool in 
proper proportions, since it is too short in the fibre to be 
spun alone. The quantity of mungo varies from 20-70 per 
cent, to 80—30 per cent, of natural wool. The subsequent 
spinning offers no further difficulties. Shoddy wool is at 
once carded on the willy and the following machines, and is 
generally spun without further additions* 

There is a great quantity of rags composed of mixed 
fibres. Generally the warp is of vegetable fibre and the 
weft of animal fibre. For mungo-spinning, the vegetable 
fibre must be removed. Generally the two textile fibres are 
separated by treating the rags with acids, which destroy the 
vegetable fibres, but do not attack the wool. Sulphuric acid 
diluted to about 1 8° B. is used, and also hydrochloric acid. 
After the acid bath, the material is brought into alkaline 
solutions, in order to neutralise the acid remaining in the 
fibre ; it is then well dried. In consequence of this treat- 
ment, the vegetable fibre has been converted into a friable 
condition, whilst the wool fibres remain uninjured, and can 
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be isolated simply by rubbing. For this operation, many 
different methods are now employed, which will be mentioned 
below. 

Newmann separates the wool from mixed woollen fabrics 
as follows : — In order to protect the wool from the action of 
the acid, it is saturated with a solution of sulphate of alumina 
or alum (1—5 parts to 100 parts of water), and then dipped 
in a warm soap solution containing l*5--7'5 parts in 100 
parts of water. The material to be treated, after this pre- 
paration, is brought into sulphuric acid (1—5 parts diluted 
with water to 100 parts). The moist fabric is then subjected 
to a temperature of 95° C. The vegetable fibre is then so 
thoroughly destroyed that it can be removed by rubbing 
or washing in hot water; the wool fibre, however, remains 
unimpaired. 

E. Bottger omits the preliminary treatment with alum, 
and applies a soda bath after the treatment of the fabric, in 
order to neutralise the acid. The carbonic acid, which is then 
evolved, considerably loosens the residual wool. 

Ward gives a process for separating cotton from wool, 
which has for its object the recovery of the cotton for paper- 
making. He subjects the mixed fabric to a pressure of from 
three to four atmospheres in a Papin's digester. The cotton 
then remains quite unaltered, whilst the wool is converted 
into a friable substance. 

In order to recover the woollen fibre from a fabric com- 
posed of wool and vegetable fibre, Schaller immerses it for 
twelve hours in a bath composed of 3 per cent, of sulphuric 
acid (66° B.) and 97 per cent, of water, and then dries. If 
this solution has not had sufficient action, the rags are then 
exposed for from four to five hours to a temperature of 
60-70° C, when the vegetable fibre becomes friable. 

Eowley recovers the wool from mixtures with vegetable 
fibres by treating the rags with dilute sulphuric acid, then 
bringing them into a rotating wire sieve, and there drying 
them by a current of hot air. The rags are then packed in 
boxes with sand, where they remain for a longer or shorter 
time, according to their nature, when they are again separated 
from the sand by the rotatory action of the wire sieve. This 
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method is so complicated, and its efifective action appears so 
questionable, that it can in no way be recommended. 

Grothe calls attention to the fact that the greatest care 
must be given to the strength of the acid bath, in order that 
the wool hairs may not be attacked. 

Extracted mungo wool is mixed with mungo obtained by 
the mechanical methods, and the two worked up together. 

A. Gawalowski, of Briinn, has obtained a patent for a pro- 
cess for the recovery of the fat from wool-scouring waters, 
and other industrial waste waters containing soap. The 
essential features of this process are : sulphurisation of the 
suds and acidification; the sulphuretted hydrogen, at the 
moment of its production, acts on the resulting scum, destroy- 
ing the aniline dyes to a great extent. The decanted scum 
is impregnated with chromates, by which the size, starch, and 
dextrine are partially oxidised ; this process takes place 
slowly, but is more complete on standing. The scum, after 
this treatment, is washed, by which the dyes, the oxidised 
mineral pigments, and also the glutin and oxalate products 
are removed. The wash water is deep red to brown. At the 
same time, the scum is already oily, can be kneaded in water 
like butter or. lard, but can no longer be mixed up with it 
to a liquid similar to the original suds, as can the fresh scum. 
It still contains excess of chromates and traces of free acid, 
and would therefore easily destroy press cloth. Gawalowski 
accordingly stirs it with a reducing solution, which changes 
the chromate to chromium oxide, and then presses out the 
neutral green liquid in the cold, after which the cake of scum 
is pressed warm. By this method of treatment there is 
obtained the highest yield of fat, and a more pure product, 
which can well be used, after the acid has been removed, in 
spinning dark coarse yarn, and also in soap-making. 

Manufacture of Yellow Prussiate of Potash from 
Wool (horn and blood). — J. J. Hess, of Vienna, has given a 
long account of his own experience of this manufacture 
{Deutsche Gewerbe-Zeit.). The proper preliminary treatment 
is exceedingly important to lucrative working, it consists 
in a cautious drying at a high temperature, or rather in 
gently calcining the nitrogenous material, in order, in 
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the first place, to drive out all moisture and, in the 
second, to make the nitrogenous matter pulverisable and 
also richer in nitrogen. This process of concentration 
is best conducted in a kind of " fig-cofiTee " drum^ or 
in a large rotatory apparatus, capable of being heated. 
One axle must be hollow, and be connected, by means of a 
bent pipe, with a cooling tank, which condenses the vapours 
evoived, since these are also valuable, consisting of combustible 
oils and ammonium carbonate. 

The dried, roasted, and concentrated mass, when the opera- 
tion has succeeded, must be frothy, brown, transparent, inter- 
spersed with bubbles, of a slight, peculiar odour, and very 
easily friable. If too strongly burnt, the mass appears black, 
is very light, very frothy, and very poor in nitrogen ; on this 
account every attention must be given to the drying process, 
in order that heavy loss may not result. 

The next most important material is the potash, which is 
frequently, through false economy, bought of bad quality, and 
thus made an inconvenience in the manufacture. The potash 
should be as pure as possible. 

Next comes the third raw material, the iron, which can be 
used in the form of hammer scale, dull-coloured ferric oxide, or 
iron filings and turnings, in fine powder. 

All the substances are to be made and kept quite dry, 
and in a state of fine powder; they are then mixed for 
use in the following proportions: — 10 kilos, of dried horn, 
etc., 6-8 kilos, of potash, 4 kilos, of hammer scale, etc. The 
average produce is 3— 3 J kilos, of yellow prussiate. 

The intimate mixture is now heated in clay crucibles lined 
with sheet-iron, in a muffle furnace very similar to an ultra- 
marine furnace. After about twenty-four hours the furnace 
is opened, the crucible removed, and the coherent mass, which 
readily falls out, thrown at once into cold water in order to 
prevent oxidation. As soon as the mass falls into the water 
a hissing is heard, and frequently sparks momentarily fly out, 
which is a sign of a successful operation. The mass soon falls 
to a fine black powder, leaving a clear, pale-yellow solution, 
which becomes dull in colour when subsequently boiled, and 
deposits fine crystals. 
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In addition to other advantages, Hess's process also utilises 
the resulting fine powder. The black deposit contains pure 
iron and carbon ; the iron can be extracted by nitric acid and 
used in the preparation of Prussian blue, or it can be trans- 
formed into ferric oxide by burning in the air, and used over 
again. The nitrate of iron, which is thus obtained, may be 
acidified and used to act on the mother liquors, when Prussian 
blue and potassium nitrate are obtained. The carbon ieft 
in very fine powder, after the iron has been dissolved out, 
gives an excellent pigment ; after washing and grinding, it 
has great covering power and a fine, pure shade. 

For the treatment of the suds of wool- washing and cloth 
fulling, E. Neumann, of Eosswein, has obtained a patent 
{Neueste Erfindungen und Erfahrungen). In either case the 
whole apparatus consists of two tanks dug in the ground 
(even for large factories two oil-vats of 12—15 cwt. capacity 
are sufficient), to which the suds are run by sluices or pipes 
from the washing-machines or cylinders, and also of a lift and 
force-pump, and a filter-press with waste channel. 

Crude calcium chloride (or some substitute, which forms, 
with fats, soaps insoluble in water) is dissolved in an equal 
weight of water and the solution, to the extent of 1, 1*5, 
or 2 per cent, of the total capacity, according to the amount 
of fat in the suds, poured into tank No. 1. The suds are 
then run in; the ensuing commotion ensures a thorough 
admixture with the calcium chloride solution ; the lime soaps 
are at once formed and separate in flocks, which remain sus- 
pended in the water. When the first tank is full, the contents 
are pumped into the filter-press, whilst in the meanwhile the 
suds are being run into the second tank, which has just 
previously been charged with the necessary amount of calcium 
chloride. 

In the filter-press remain lime soaps, dirt, hair, etc., whilst 
the clear water, carrying with it chiefly potassium and sodium 
salts and a little excess of calcium chloride in solution, runs 
away by the waste-pipe. After tank No. 1 is emptied, tank 
No. 2 is pumped out. No. 1 again filled, and so on, until after 
about eight to twelve hours' work the press is full, a condition 
readily recognised when the taps only drip slightly. The 
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press is opened, and the cakes, when they do not fall out 
unassisted, removed by a wooden spatula. The press is then 
closed, and the pump again started, when the process begins 
afresh. Only the introduction of the calcium chloride, the 
opening and closing of the feed-cocks, the removal of the 
press-cakes, and the starting of the pump, require manual 
attention ; the whole is the work of but a few minutes, con- 
sequently a special workman is not requisite. 

The press-cakes obtained are either dried in the air and 
used to prepare an oil-gas, or are, more profitably, treated to 
recover the fat, which is a separate part of the treatment of 
the suds. It may be undertaken by large mills and wool- 
washing establishments ; smaller works find it more advan- 
tageous to sell the fat-cakes to the grease-works. 

In recovering the fat, the press-cakes are stirred with 
very dilute hydrochloric acid to a thin paste; if necessary, 
more hydrochloric acid is added to produce a weak acid 
reaction. The mass is then forced throligh a filter-press 
heated by steam. The fat and the re-formed calcium chloride 
run into small vats, from which, after some time, the calcium 
chloride solution, containing excess of hydrochloric acid, is 
drawn off into a vat containing carbonate of lime, in combina- 
tion with which the hydrochloric acid again produces calcium 
chloride, which is used to produce fresh quantities of lime 
soaps. Thus it is only requisite to procure a supply of calcium 
chloride once for all. The fat is heated in a pan over an open 
fire to 70° 0. with 10 per cent, of sulphuric acid of 10° B. ; 
after standing some time it forms a clear layer on the top, 
which is skimmed off into barrels, and is then ready for sale. 

If, instead of calcium chloride, chemicals be used which 
it is not necessary to regain on account of their low value, 
the recovery of the fat is still simpler and cheaper. 

Cotton-Spinners' Waste in the Manufacture of Gun- 
cotton. — According to the English patent of Mackie, the 
waste of cotton -spinning is treated with superheated steam 
in order to remove the oil, then carded and immersed in the 
usual acid mixture — 300 parts of a mixture of 1 part of 
nitric acid (specific gravity, 1*52) and 3 parts of sulphuric acid 
(1*85), cooled to 5—25° C. The guncotton produced is carefully 
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washed, cut to pieces by means of a rapidly rotating circular 
knife, and finally passed between rollers, from which it issues 
in a very finely divided state. This cutting and squeezing 
are said to have the advantage over the usual pulping in the 
beating-machine, that all the capillary tubes are completely 
destroyed, and thus any residual acid can readily be washed 
out. 

The succeeding operations consist in mixing the nitrated 
cotton with saltpetre and sugar (67 parts of guncotton, 28 
parts of sugar, and 5 parts of saltpetre), granulating the 
mixture by means of wire sieves, and drying in tightly closed 
pans heated to about 38"* C, in which a vacuum is maintained 
by a pump. An increased addition of sugar and saltpetre 
decreases the violence of the explosion of the guncotton. 

According to the English patent of J. Hall, rags and 
other linen waste are brought into a bath composed of equal 
volumes of nitric acid (specific gravity, 1'5) and sulphuric 
acid (specific gravity, 1*84), and diligently stirred in it for 
twelve to twenty-four hours. The mass is then allowed to 
drain, pressed, carefully washed for seven to fourteen days, 
and dried. For purposes for which a violent explosion is 
not requiredj the guncotton, whilst still moist, is mixed with 
starch paste. 

Heddebault discovered a method by which wool can be 
removed in the dissolved state from fabrics in which it is 
contained mixed with cotton or other vegetable fibres. When 
these fabrics are subjected to the action of superheated steam 
under a pressure of five atmospheres, the wool dissolves, and 
falls to the bottom of the vessel, whilst the cotton, flax, or 
other plant fibre resists the action and remains in a condition 
suitable for the manufacture of paper. The fluid mass, in 
which the dissolved wool is contained, is evaporated to 
dryness ; it is completely soluble in water. Bags treated 
in this manner gain in value to an extent sufficient to cover 
the cost of the process. 

In conclusion, it is known that carpets and rugs can be 
made from various rags ; they are constructed by sewing 
together small patches, cut uniformly, of various sizes. A 
better method is to cut the rags into narrow strips about 0*5 
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cm. (i in.) wide. Felt is cut in a circle in order to obtaiji 
very long strips ; other rags are cut lengthways. The strips 
are sewn together, and wound into balls, which are given 
over to the linen-weaver. When the rags are sorted as far 
as possible according to colour and material (whether linen, 
wool, jute, or cotton), pretty striped carpets are obtained, 
which are cheap and wear well. 



CHAPTER LVIII 
WOOL SWEAT 

Potash from Wool Sweat. — According to the patent of 
Prof. K. Kraut, of Hanover, wool is washed in the ordinary 
washing-machine with warm water, to which potash is added. 
The wash waters are allowed to settle in tanks, the residual 
liquid evaporated to dryness, and heated on the hearth of a 
reverberatory furnace. The residue contains the potash used 
in washing, and the potassium which was present in the 
sweat, » also mainly in the form of potash (carbonate). A 
portion of the potash solution obtained by lixiviating this 
residue is again used for washing wool, whilst the remainder 
may be evaporated for sale, and the residue calcined. 

Treatment of Wool- Washing Waters with Baryta. — 
Daudenart and Verbert, of Schaerbeck, near Brussels {Deutsche 
Industrie-Zeit), mix a solution of barium chloride in a closed 
vessel with magnesium carbonate, whilst carbon dioxide is 
at the same time introduced ; barium carbonate is then 
obtained. The magnesium chloride, which remains in solu- 
tion, is converted by superheated steam into hydrated 
magnesia, when hydrochloric acid is obtained as a by- 
product. This process is designed for the utilisation of 
wool-washing waters, which are mixed with baryta solution, 
the precipitate pressed and decomposed with hot dilute 
hydrochloric acid. The separated fat is skimmed off, the 
liquid evaporated, and the residue of barium chloride con- 
verted into barium carbonate by the method given above. 

The liquid from which the barium soap has been 
removed is evaporated to dryness, and the residue, con- 
sisting mainly of potash, calcined, and converted into refined 
potassium carbonate in the usual manner. 
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CHAPTER LIX 

THE WASTE LIQUIDS FEOM SUGAE-WOEKS 

Utilisation of the Waste Water. — W. Eiehn has de- 
scribed a process {Dingier* s Polyt Journ., 223, p. 402) by 
means of which it is possible to remove the injurious effects 
of the waste waters, and to recover them again with little 
loss, not, indeed, in the form of a potable water, but in such a 
condition that they give no trouble in the neighbourhood, and 
are quite suitable to be used over again in the works or else- 
where. In using this process, in order to avoid a false im- 
pression of the extent of the purification it affords, it must 
not be neglected to remove entirely the deposits in the drains 
and other legacies of the past. The process may be carried out 
without any considerable outlay, which is covered by the 
value of the fertiliser obtained, and by the labour of one man, 
under careful supervision. The purification is said to attain 
three objects : — prevention of conditions dangerous to health, 
production of a valuable fertiliser, and recovery of the water. 
In regard to the operations to be performed, the impure waste 
waters may be divided into — (1) water used for washing the 
beet, and from the crude juice station ; (2) water from the 
bone-black treatment, and from washing filters and cloths ; 
and (3) condensations and condensed water from boiling the 
juice. 

The condensed water from the steam-engines and other 
apparatus, which is collected separately and carefully, the 
water from the evaporators, and the waste juice from the 
filters, do not need special treatment here ; they are already 
employed to the best advantage in any properly conducted 
works — for feeding the boilers; treating the bone-black, 
slaking lime, washing — and give rise to no further 
inconveniences. 
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1. Water Used for Washinjf the Beet, and from the 
Cmde Juice Station. — The temperature of these liquids iu 
the waste pipes varies betweeo 18° and 32''C.; their impurities 
are largely earth, mechanically carried, other dirt and par- 
ticles of beet, also juice in small quantity, i.e. sugar, salts, 
etc. The purification of these waters is very simple; the 




settling-tanks a-, and a.^ (Figs. 18-20) are quite sufficient for 
the impurities just mentioned ; the small quantities of sugar, 
salts, etc., are also completely removed by the contents of the 
filters c, d^, and d^, after the liquid has passed through the 
tanks and undergone the reactions which take place there, as 
described under the next section (2). The water received in 
the collecting- tank e is at least as pure as the original water 
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used, and the necessary cooling has been obtained in the 
open tanks and conduits. The settling or mud-tanks, a^ and 
a2, are of masonry, more or less sunk in the ground according 
to the local conditions; for the daily treatment of 100 tons 
of beet, each is 8-8-9-5 metres (29-31 ft.) long, 3-8-4-4 
metres (12-5-14-5 ft.) wide, and 1*9 metre (6*2 ft.) deep. In 
the case of larger quantities, or very dirty beet, a third such 
tank should be provided. The tanks &i and 62, also of masonry, 
are together as large as Ui or ag* ^^ey are merely divided by 
an overflow partition. It is necessary that the valves shown 
in the figures should be properly arranged, and that all the 
pipes should have the correct fall. The manipulation is 
simple : at the commencement, all the waste waters run to a^, 
thence through the pipe g to the tank b^, etc. When Ui is 
filled with deposit, the valves are transposed; the waste 
waters then go to a^, whilst a^ is emptied. From the tanks 
bi or &2> ill which the last settlings are deposited, the liquid 
comes to the first filter c, which is l*9-2*5 metres (6*2— 8*2 ft.) 
square or in diameter, and is the same depth as the previous 
tanks ; it is filled with layers of various grades of cinders, 
sand, or other material suitable for the complete mechanical 
purification of the water. The filling material may be suit- 
ably mixed with alum mud, iron chloride, potassium perman- 
ganate, etc., in case such substances are to be obtained cheap 
in the neighbourhood of the work. From the filter c the 
water enters the filter d^ at the bottom, from which it flows over 
into rfg (1*6-1*9 metres square or in diameter, ie. 5*3-6'2 ft), 
and finally through a ground pipe into the collecting-tank e 
(3'2-3*8 metres in diameter, ie, 10'5-12'5 ft.), whence the 
purified water is removed to the works by the suction-pipe f. 
The contents of the filter are to be changed as soon as it 
is so choked that it no longer works. Turf coke is the most suit- 
able filling for di and d^ ; when it cannot be obtained, waste 
bone-black is used, or the prepared wood charcoal of Jiine- 
mann — charcoal in coarse grains, boiled with a solution of 
five parts of acid calcium phosphate and five parts of sulphate 
of alumina, then dried and ignited. This charge is to be 
renewed during the season only once, or several times at the 
most, as soon as the diminished purity of the filtered water 
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makes it necessary. The pipes must be laid down in a 
manner convenient for cleaning, which is necessary only once 
before and after the season, if they are given sufficient 
fall. Before the mud tanks and the filters there is a channel 
or pipe h leading to the tank e, and provided with the 
necessary valves, so that the waters may be run oflf direct at 
the end of the season, or for repairs. 

2. Waters from the Bone-Black Treatment, and from 
Washing Filters and Cloths. — The purification of these 
waters offers great difficulties, and the temperature in the 
waste-pipes varies from 20-60° C. ; the quantity and vari- 
abihty of the suspended or dissolved impurities are very 
considerable. These impurities are organic matters, albumin, 
alkalis, and alkaline compounds, salts, acids, products of 
fermentation, etc. A large number of experiments have been 
required to find a universal means for removing these average 
impurities. The author has used turf coke, which is cheap 
and best obtained on the large scale by burning in heaps, 
with the best results for filling the filters d^ and dg- I^ ^^s 
found that, by reason of the great porosity and consequent 
absorptive properties of this material, every trace of sugar, 
salts, faecal matter, etc., was removed from the waste waters 
which passed through. The mineral constituents of the turf 
coke — iron, gypsum, lime — give it even to some extent a 
disinfecting action ; and there is a considerable advantage in 
that the absorbed matter loses none of its fertilising value for 
plants, so that the turf coke, together with these absorbed 
matters, forms an addition to soil which is most valuable in 
every respect. In regard to a complete disinfection of these 
waste waters, according to the author's experiments, only the 
compound of acid magnesium phosphate with basic iron salt — 
the double salt of magnesia and iron already recommended 
by Blanchard and Chateau — ^has been found satisfactory. By 
this compound the whole of the nitrogen is fixed, with for- 
mation of ammonium magnesium phosphate ; the other organic 
matters are also precipitated, the sulphur compounds, sul- 
phuretted hydrogen, etc., by the basic iron salt, so that the 
water is so far prepared for complete purification that, after pass- 
ing the settling-tank, it only requires filtering through turf coke. 
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A similar precipitant to Blanchard's — magnesium sul- 
phate, calcium phosphate, and ferric phosphate— has also, 
according to the author, been made for several years by 
Frank, of Stassfurt, and sold at the very low price of 23. 6d. 
per cwt. This preparation is used for the purification under 
consideration in the following manner: 100 parts are stirred 
with 66 parts of ordinary hydrochloric acid in a tank or tub 
and allowed to stand two to three days, 300—400 parts of 
water are then added. The vessel i (Figs. 21 and 22)isfilled 
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with this mixture ; as much as is required is run through the 
exit pipe into the waste water contained in the first section 
of the apparatus y, and well mixed by means of the stirrer. 
Milk of lime from the second vessel k is run into the second 
section of the apparatus, which is also provided with a stirrer, 
in suthcient quantity to make the liquid alkaline, so that any 
free phosphoric acid present may be recovered as tribasic 
phosphate of lime. The settling of the precipitate, which is 
generally considerable, takes place in the sections of the 
settling-tank n^-n^. which are connected together two and 
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two and used in turn. According to the position of the 
valves, the liquid flows either into the tank n-^ and thence runs 
over into ?i2, or into n^ and thence to 7i^, The clarified water 
then goes through the drain z to the settling-tanks ai, Jj, or 
cTg, ^2 (Figs. 18—20), is mixed with the contents of these tanks, 
enters into reaction with them, and then runs away for the 
final purification in the filters c, d^, d^. 

In regard to the construction of this purifying plant, the 
tanks yi and t/o are built of wooden planks or bricks ; they 
are about 63 cm. (2 ft.) wide and 95 cm. (3 ft.) high, with 
two divisions, each 63 cm. (2 ft.) long (round or rectangular). 
The stirrers are driven in the most convenient manner from 
the nearest shafting. The liquor is fed in at the bottom and 
runs away at the top ; in the hinder wall of each division is 
a valve just above the bottom for rupning off the contents. 
The vessels i and k are of wood or iron, 79 cm. (2 ft. 7 in.) 
wide and 95 cm. (3 ft.) high. The settling-tanks ii^—n^ are 
of brickwork, open or covered, and connected two and two in 
such a manner that the water runs over from one into the 
other; each tank is about 1*3 metres (4 ft. 3 in.) square and 
1*6 metres (5 ft. 6 in.) deep. 

The precipitate collected in the tanks n^—n^ possesses great 
fertilising value ; it has been found by several analyses to 
contain ammonium magnesium phosphate equivalent to 28 per 
cent, of phosphoric acid and 10 per cent, of ammonia, also vary- 
ing quantities of readily soluble basic phosphate of lime, the 
sulphur compounds combined by the iron salt, and various 
nitrogenous and organic substances. Together with the 
deposits in the settling-tanks and the contents of the filters, 
it produces an excellent fertiliser, the value of which covers 
all expenses. 

3. The Water of Condensation and the Condensed 
Water from the Evaporation of the Juice. — The tempera- 
ture of this water varies in the waste-pipe from 30-60** C; 
it is contaminated by small quantities of volatile organic 
matter, ammonia, juice, also fats, fatty acids, etc. Since, as 
a rule, well-water, containing more or less lime, is used at the 
lowest possible temperature for condensing purposes, and 
the lime is partially separated owing to the heating by the 
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vapours from the juice, this waste water is in this respect 
more pure thau the original water. A portion of this large 
quantity of water is used for preparing the lime ; it may also 
be used without hesitation for feeding the boilers, and, if 
necessary, for treating the bone black, also, in very frosty 
weather, for washing the beet. The remainder, in case the 
quantity is considerable, must be cooled as much as possible 
by a suitable simple cooling-tower or terrace cooler, in which 
the heat should be regained, or by one of the surface coolers 
used in breweries ; the water is then to be completely purified 
by the method of section 1 or 2, according to the locality. 
If the excess of water is not great, it will require no separate 
cooling. 

Napravil, in order to recover the fertilising matters and 
to purify the waste waters, allows milk of lime to run in 
continuously (Kohlrausch, Organ filr Rubenzucken-Industrie ; 
Fischer, Verwerthung der stddtischen und Indystrie-Ahfall- 
stoffe). The precipitate obtained settles in large flocks, whilst 
the water runs away quite clear. In 119 working days 
3053 cwt. of lime, at a cost of 1005 fl.. 95 kr. (£91, 12s.), 
were used ; the cost in wages was 190 fl. 89 kr. (£17, 7s.); 
26,228 cwt. of slime were obtained. The best method of 
removing and utilising these waste waters is to employ them 
for irrigation. 

The separating or saturation mud is the most abundant 
residue produced in sugar-works; several factories obtain in 
one season 15,000,000-20,000,000 kilos. (15,000-20,000 
tons). This residue frequently forms great heaps near the 
works, which, by reason of the decomposition which sets in, give 
rise to many inconveniences and complaints in the neighbour- 
hood, and even damage the manufacture itself. This mud has 
only found one use on the large scale — as a fertiliser ; yet it 
is rather harmful to calcareous soils, since it only contains 
04 part of phosphoric acid and 0*35 part of nitrogen to 35 
parts of lime. The author supposed that by carbonisation a 
black substance could be obtained, which would find various 
uses {Journ. des Fabr, de Sucre, 20, No. 36). The heating 
must be so conducted that the organic matter leaves behind 
carbon after its decomposition. This carbon has the advantage 
18 
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of being in a very fine state, similar to a true chemical pre- 
cipitate, so that the material, when squeezed between the 
fingers, feels like talc or soap. If it is attempted to carbonise 
the mass in large crucibles, the portion in the middle is not 
sufficiently heated, whilst the portions at the sides are over- 
heated ; also at temperatures higher than a dark red heat the 
carbonate of lime is decomposed, and the carbon is at the 
same time oxidised, so that only white lime remains. 

It is therefore necessary to use another apparatus ; the 
rotatory furnace of Casalonga is the best. This consists 
of a revolving cast-iron cylinder, which has a hollow axis, 
through which the tar and gas can escape. The cylinder 
makes only a few revolutions per minute. The dried mud 
is fed in at one end, and escapes at the other by a suitable 
arrangement after it has been carbonised. The substance 
obtained consists of an impalpable powder and of small 
harder particles, which are easily crushed. It is thoroughly 
powdered and may then be used as a black pigment. Its 
composition is as follows : — 



Calcium carbonate 


. 78-500 


Phosphoric acid 


0-950 


Ammonia 


0-168 


Ferric oxide and alumina 


6-509 


Silica .... 


3-205 


Carbon 


7-500 


Undetermined 


3-168 




100-000 



The percentage of carbon varies according to the com- 
position of the mud — in particular, according to the quantity 
of sugar it contains. The latter generally soon disappears 
owing to the fermentation which arises ; it is therefore well 
to add to the mud before carbonisation about 10 per cent, 
of waste molasses. The shade of the black is more or less 
good according to the quantity of this addition. 

The volatile products evolved in the carbonisation deposit 
ammonia-water and tar in the condensers, whilst the gas is 
drawn off into the fires, where it burns with the production 
of much heat. The tar may also be burnt, if a Deville 
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furnace is used. The termination of the process is readily 
recognised by the blue flame which appears when the 
decomposition begins to yield carbon monoxide. The con- 
densed water contains much ammonium carbonate, ammonia, 
and other nitrogenous compounds, including pyridine and 
picoline. In order to separate these products from one 
another, the liquid is distilled with caustic soda solution, 
the distillate saturated with hydrochloric acid, and evaporated, 
when crystalline ammonium chloride is obtained. The mother 
liquor is precipitated by alcohol, which retains in solution 
the hydrochlorides of the bases containing carbon, which are 
then set free by potash. 

Further investigations of these products have been made 
by Etard (Zeits. d, Ver. /. Bubenzucker-Industrie, 16, p. 916), 
they are similar to those obtained by Vincent from distillers' 
refuse. The principal product is naturally the black, which 
is suitable for use in size, oil paints, and printing inks. The 
cost is only 10 francs per 100 kilos. (4s. per cwt.). 

Skene, of Breslau, has given an account of the arrange- 
ments he employs for the waste waters (Zeits, d, Ver, /. 
Bilbenzitcker- Industrie ; Post, Zeits, f. d, chem. Grossgew.), 
The whole of the waste water goes on to 17'5 hectares 
(43*2 acres) of land, surrounded by banks; here the water 
cools; it is then drained off, and again filtered by passing 
through a meadow of 3'25 hectares (8 acres). The drainage 
is laid down in the ordinary system and is cut ofif by a 
valve, which is not opened until all the conduits have 
been pumped full. The irrigation works are so large, that 
the water is only run off once in the season. 

Piirlfication of the Alumina which has been used 
for Clarification in the Manufacture of Sugar, in order 
to recover the Matter it contains. — The brothers Lowig 
have patented four processes for this purpose (Post, Zeits, f, d, 
chem, Grossgew,) : — 

1. The used alumina is mixed with one equivalent of 
lime and ignited. Calcium aluminate is formed, the organic 
matter first leaves carbon or burns entirely on further heating. 
Ammonia, which can be recovered, is formed from the nitrogen 
in the organic matter. 
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2. The alumina is heated with magnesium chloride ; mag- 
nesium aluminate is then formed, whilst the organic matter 
is destroyed by the hydrochloric acid produced, which can 
also be condensed and used later to dissolve the magnesium 
aluminate. The aluminates obtained in these processes (1 
and 2) are converted into alumina by known methods. 

3. The alumina is dissolved in the least quantity of 
hydrochloric acid, and the solution filtered from insoluble 
organic matter, e.g, albumin from plant juices containing 
sugar. Many of the organic substances which remain in 
solution can then be precipitated by the addition of alumina, 
or by the precipitation of a portion of the dissolved alumina, 
and then filtered off. The aluminium chloride may also be 
ignited, and the organic compounds destroyed by the hydro- 
chloric acid which is formed ; but care must be taken that too 
violent heating does not produce insoluble alumina. 

4. The impure alumina may further be dissolved in 
caustic alkalis and thus freed, for example, from ferric 
oxide ; then, if necessary, it may be purified by igniting the 
evaporated solution, and finally again be precipitated as the 
aluminate of an alkaline earth. The albuminous matters 
obtained in method 3 may be used as fertilisers or in the 
manufacture of ammonia. 




THE END 
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277 



278 



INDEX 



Flux, black, 93. 
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recovery of, 74. 
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Parchment paper waste, 181. 
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Pears, 166. 
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Phosphates, recovery of, 70, 
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Seaweed, 200. 
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Silk waste, 207. 
Silver, 122. 

baths, 86. 
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waste, 85. 

Slags, blast-furnace, 64, 65. 

iron, 59. 

Slag wool, 59. 
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Slaughter-house refuse, 29. 

Soap-makers' waste, 209. 

Soapy waters, 210, 237, 262. 

Soda, recovery of, 173, 219. 

Sootblacks, 105. 

Spirit, 155. 

Starch, 227. 

Stassfurt waste salts, 195. 

Stearic acid, 232. 

Stones, slag, 61. 

Stoppers, 117. 

Sugar- works, 267. 

Suint, 140. 

Sulphur, 148, 199, 200. 

Sulphurous acid, 155 
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Tannery waste, 81. 
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Tartaric acid, 242. 
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Tinplate waste, 244. 
Tin, recovery of, 71. 
Towns, refuse of, 3. 
Trimethylamine, 158. 
Turf, 235. 

Ultramarine, 120. 

Vanilla, 113. 

Varnish from waste rubber, 103. 

Verdigris, 241. 

Vinasse, 157. 

Vinegar, 128. 

Water-glass, 120. 
Wine, lees, 141, 241. 

residues, 241. 

Wood, artificial, 108. 

waste, 106. 

Wool-washing residues, 75. 
Wool waste, 141, 251, 260. 

Yeast, 24. 
bottom, 25. 

Zinc oxide, 80. 
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Tools — Hand Power and Steam Power — Hydraulic Sand-pumping. — XXXI., Improvements 
in and different Systems of Drilling Oil Wells. 

Part IV., Accidents.— Chapters XXXII., Boring Accidents — Methods of preventing them 
— Methods of remedying them.— XXXIII., Explosives and the use of the "Torpedo" Leviga- 
tion. — XXXIV., Storing and Transport of Petroleum.— XXXV., General Advice — Prospecting, 
Management and carrying on of Petroleum Boring Operations. 

Part v., General Data. — Customary Fonnulie.— Memento. Practical Part. General 
Data bearing on Petroleum. — Glossary of Technical Terms used in the Petroleum Industry. — 
Copious Index. 

Press Opinions. 

" The book is undoubtedly one of the most valuable treatises that can be placed in the hands 
of all who desire a knowledge of petroleum." — Liverpool Journal of Commerce. 

" The book will undoubtedly take a high place in the literature of petroleum." — Liverpool 
Post. 

" We should like to say that the translator has accomplished his difficult task, so full of 
technical difficulties, with a great amount of success." — Petroleum. 

A DICTIONARY OF CHEMICALS AND RAW PRO- 
DUCTS USED IN THE MANUFACTURE OF 
PAINTS, COLOURS, VARNISHES AND ALLIED 
PREPARATIONS. By George H. Hurst, RC.S. Demy 

8vo. 380 pp. 1901. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

The names of the Chemicals and Raw Products are arranged in alphabetical order, and 
the description of each varies in length from half to eight pages. The following are some of 
the articles described and explained : Acetates — Acetic Acid — ^Acidimetry — Alcohol — Alum — 
Ammonia — Amber — Animi — ^Arsenic — Beeswax — Benzol — Bichromates of Potash and Soda — 
Bleaching Powder — Bone Black — Boric Acid — Brunswick Green — Cadmium Yellow— Car- 
bonates — Carmine — Camauba Wax — Caustic Potash and Soda — Chrome Colours— Clay — Coal 
Tar Colours — Copal — Dammar — Drying Oils — Emerald Green — Gamboge-^Glue — Glycerine — 
Gums — Gypsum — Indian Red — Japanese Lacquer — Lac — Lakes — Lamp Black — Lead Com- 
pounds — Linseed Oil — Magnesia — Manganese Compounds — Mica — Nitric Acid— Ochres — 
Orange Lead — Orr's White — Paraffin— Prussian Blue — Rosin Oil — ^Sepia — Sienna — Smalts — 
Sodium Carbonate — Sublimed White Lead — Sulphuric Acid — ^Terra Verte — Testing Pigments 
— Turpentine — Ultramarine — Umbers — Vermilionettes — White Lead — Whiting — Zinc Com- 
pounds. — Appendix: Comparison of Baum^ Hydrometer and Specific Gravity for Liquids 
Lighter than Water — Hydrometer Table for Liquids Heavier than Water— Comparison of 
Temperature Degrees — ^Tables for Converting French Metric Weights and Measures 'into 
English — ^Table or the Elements — etc., etc. — Copious Index. 

Press Opinions. 

" This treatise will be welcomed by those interested in this industry who have not secured 
the full advantage of a course of scientific training." — Chemical Trade Journal. 

*' In concise and lucid terms almost every ingredient used in paint and colour manufacture 
is described together with the methods of testing their intrinsic and chemical value." — 
Pontefrart Express. 

"Such a book of reference for paint, colour and varnish manufacturers has long been 
needed." — Manchester Courier. 
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RECIPES FOR THE COLOUR, PAINT, VARNISH, OIL, 
SOAP AND DRYSALTERY TRADES. Compiled by 
An Analytical Chemist. 350 pp. 1902. Demy 8vo. Price 7s. 6d ; 
India and British Colonies, Ss. ; Other Countries, 8s. 6d ; strictly net. 

Contents. 

Compiler's Preface. — Sections I., Pigments or Colours for Paints, Lithographic and 
Letterpress Printing Inks, etc. — IL, Mixed Paints and Preparations for Paint-making, 
Painting, Lime-wasning, Paperhanging, etc. — III,. Varnishes ror Coach-builders, Cabinet^ 
makers. Wood-workers, Metal-workers, Photographers, etc. — IV., Soaps for Toilet, Cleansing, 
Polishing, etc. — V., Perfumes. — VI., Lubricating Greases, Oils, etc. — VII., Cements, Pastes^ 
Glues and Other Adhesive Preparations. — VIII., Writing, Marking, Endorsing and Other Inks 
— Sealing-wax and Office Requisites. — IX. Preparations for the Laundry, Kitchen, Stable and 
General Household Uses. — X., Disinfectant Preparations. — XI. Miscellaneous Preparations. — 
Index. 

PURE AIR, OZONE AND WATER. A Practical Treatise 

of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 
other Industries. By W. B. Cowell. Twelve Illustrations. Crown 
8vo. 85 pp. 1900. Price 5s. ; India and Colonies, 5s. 6d. ; Other 
Countries, 6s. ; strictly net. 

Contents. 

Chapters I., Atmospheric Air ; Lifting of Liquids ; Suction Process ; Preparing Blown Oils ; 
Preparing Siccative Drying Oils. — II., Compressed Air; Whitewash. — III., Liquid Air; Retro- 
cession. — IV., Purification of Water; Water Hardness. — V., Fleshings and Bones. — ^VI., Ozon- 
ised Air in the Bleaching and Deodorising of Fats, Glues, etc. ; Bleaching Textile Fibres. — 
Appendix : Air and Gases ; Pressure of Air at Various Temperatures ; Fuel ; Table of Com- 
bustibles; Saving of Fuel by Heating Feed Water; Table of Solubilities of Scale Making 
Minerals ; British Thermal Units Tables ; Volume of the Plow of Steam into the Atmosphere ; 
Temperature of Steam. — Index. 

THE MANUFACTURE OF MINERAL AND LAKE 

PIGMENTS. Containing Directions for the Manufacture 
of all Artificial, Artists and Painters' Colours, Enamel, Soot and Me- 
tallic Pigments. A Text-book for Manufacturers, Merchants, Artists 
and Painters. By Dr. Josef Bersch. Translated from the Second 
Revised Edition by Arthur C. Wright, M.A. (Oxon.), B.Sc. (Lond.), 
formerly Assistant Lecturer and Demonstrator in Chemistry at the 
Yorkshire College, Leeds. Forty-three Illustrations. 476 pp., demy 
8vo. 1901. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other 
Countries, 15s. ; strictly net. 

Contents. 

Chapters I., Introduction. — II., Physico-chemical Behaviour of Pigments. — III., Rikw 
Materials Employed in the Manufocture of Pigments. — IV., Assistant Materials. — V., Metallic 
Compounds. — VI., The Manufacture of Mineral Pigments. — VII., The Manufacture of White 
Lead.— VIII., Enamel White.— IX.. Washing Apparatus.— X., Zinc White.— XI., Yellow 
Mineral Pigments.— XII., Chrome Yellow. — XIII., Lead Oxide Pigments.— XIV., Other 
Yellow Pigments.— XV., Mosais Gold.— XVI., Red Mineral Pigments.— XVII., The Manu- 
facture of Vermilion. — XVIII., Antimony Vermilion. — XIX., Ferric Oxide Pigments. — XX.» 
Other Red Mineral Pigments. — XXI., Purple of Cassius. — XXII., Blue Mineral Pigments. — 
XXIII., Ultramarine.— XX IV., Manufacture of Ultramarine. — XXV., Blue Copper Pigments. 
—XXVI., Blue Cobalt Pigments.- XXVII., Smalts.- XXVIII., Green Mineral Pigments.— 
XXIX., Emerald Green.— XXX., Verdigris.- XXXI., Chromium Oxide.— XXXII., Other 
Green Chromium Pigments. — XXXIII., Green Cobalt Pigments. — XXXIV., Green Man- 
ganese Pigments.— XXXV., Compounded Green Pigments. — XXXVI., Violet Mineral Pig- 
ments. — XxXVII., Brown Mineral Pigments. — XXXVIII., Brown Decomposition Products. — 
XXXIX., Black Pigments. — XL., Manufacture of Soot Pigments. — XLI., Manufacture of 
Lamp Black. — XLI I., The Manufacture of Soot Black without Chambers. — XLIII., Indian 
Ink. — XLIV., Enamel Colours. — XLV., Metallic Pigments. — XLVI., Bronze Pigments — 
XLVIL, Vegetable Bronze Pigments. 

Pigments of Organic Origin.— Chapters XLVIIL, Lakes. — XLIX., Yellow Lakes. — L.^ 
Red Lakes. — LI., Manufacture of Carmine. — LII., The Colouring Matter of Lac. — LIII., Saf- 
flower or Carthamine Red. — LIV., Madder and its Colouring Matters. — LV., Madder Lakes. — 
LVL, Manjit (Indian Madder). — LVII., Lichen Colouring Matters.— LVI 1 1., Red Wood Lakes. 
— LIX., The Colouring Matters of Sandal Wood and Other Dye Woods.— LX., Blue Lakes.— 
LXL, Indigo Carmine.— LXI I., The Colouring Matter of Log Wood.— LXIII., Green Lakes.— 
LXIV., Brown Organic Pigments.— LXV., Sap Colours.— LXVI.» Water Colours.— LXVI I., 
Crayons. — LXVIII., Confectionery Colours.- LXIX,, The Preparation of Pigments for 
Painting.— LXX., The Examination of Pigments. — LXXI., Exammation of Lakes.— LXX II. » 
The Testing of Dye-Woods.— LXXI 1 1., The Design of a Colour Works.— LXX IV.— Commercial 
Names of Pigments. — Appendix : Conversion of Metric to Engltah Weights aad Measures.—^ 
Centigrade and Fahrenheit Thermometer Scales. — Index. 
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BONE PRODUCTS AND MANURES : An Account of the 

most recent Improvements in the Manufacture of Fat, Glue, Animal 
Charcoal, Size, Gelatine and Manures. By Thomas Lambert, Techni- 
cal and Consulting Chemist. Illustrated by Twenty-one Plans and 
Diagrams. 162 pp., demy 8vo. 1901. Price 7s. 6d. ; India and 
Colonies, Ss. ; O^her Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Chemical Composition cf Bones — Arrangement of Factory — Crushing of Bones 
— Treatment with Benzene — Benzene in Crude Fat — Analyses of Clarified Fats — Mechanical 
Cleansing of Bones — Animal Charcoal — ^Tar and Ammoniacal Liquor, Char and Gases, from 
good quality Bones — Method of Retorting the Bones — Analyses of Chars — " Spent " Chars — 
Cooling of Tar and Ammoniacal Vapours — Value of Nitrogen for Cyanide of Potash— Bone 
Oil — Marrow Bones— Composition of Marrow Fat — Premier Juice — Buttons. — II., Properties 
of Glue — Glutin and Chondrin — Skm Glue — Liming of Skins — Washing — Boiling of Skins — 
Clarification of Glue Liquors — Acid Steeping of Bones — Water System of Boilmg Bones — 
Steam Method of Treating Bones— Nitrogen in the Treated Bones — Glue-Boiling and Clarify- 
ing-House — Plan showing Arrangement of Clarifying Vats — Plan showing Position of Evapora- 
tors — Description of Evaporators — Sulphurous Acid Generator — Clarification of Liquors- 
Section of Drying-House — Specification of a Glue — Size — Uses and Preparation and Composi- 
tion of Size — Concentrated Size. — III., Properties of Gelatine — Preparation of Skin Gelatine 
— Washing — Bleaching — Boiling — Clarification — Evaporation — Drying — Bone Gelatine — Se- 
lecting Bones — Crushing — Dissolving — Bleaching — Boiling — Properties of Glutin and Chondrin 
— Testing of Glues and Gelatines. — IV., The Uses of Glue, Gelatine and Size in Various 
Trades — Soluble and Liquid Glues — Steam and Waterproof Glues. — V., Manures — Importation 
of Foodstuffs — Soils — Germination — Plant Life. — VI., Natural Manures — Water and Nitrogen 
in Farmyard Manure — Full Analysis of Farmyard Manure — Action on Crops — Water-Closet 
System — Sewage Manure — Green Manures. — VII., Artificisil Manures — Bones — Boiled and 
Steamed Bones — Mineral Phosphates — English Coprolites— French and Spanish Phosphorites 
— German and Belgian Phosphates — Basic Slag — Guanos Proper — Guano Phosphates. — VIII., 
Mineral Manures — Common Salt — Potash Salts — Calcareous Manures — Prepared Nitrogenous 
Manures — Ammoniacal Compounds — Sodium Nitrate — Potassium Nitrate — Organic Nitro- 

tenous Matters — Shoddy — Hoofs and Horns — Leather Waste — Dried Meat — Dried Blood — 
superphosphates — Composition — Manufactu e — Section of Manure-Shed — First and Ground 
Floor Plans of Manure-Shed — Quality of Acid Used — Mixings — Special Manures — Potato 
Manure — Dissolved Bones — Dissolved Bone Compound — Enriched Peruvian Guano — Special 
Manure for Garden Stuffs, etc. — Special Manure for Grass Lands — Special Tobacco Manures 
— Sugar-Cane Manure — Compounding of Manures — Valuation of Manures. — IX., Analyses of 
Raw and Finished Products-— Common Raw Bones — Degreased Bones — Crude Fat — Refined 
Fat — Degelatinised Bones — ^Animal Charcoal — Bone Superphosphates — Guanos — Dried Animal 
Products — Potash Compounds — Sulphate of Ammonia — Extraction in Vacuo — Description of a 
Vacuum Pan — French and British Gelatines compared. — Index. 

Press Opinion. 

*' We can with confidence recommend the perusal of the book to all persons interested in 
the manufacture of artificial manures, and also to the large number of farmers and others who 
are desirous of working their holdings on the most up-to-date methods, and obtaining the best 
possible results, which scientific research has pl aced w ithin their reach." — Wigan Obse rver. — 

ANALYSIS OF RESINS AND ^BALSAMS. Translated 

from the German of Dr. Karl Dieterich. Demy 8vo. 340 pp. 1901. 
Price 7s. 6d. ; India ^and Colonies, 8s. ; Other Countries, 8s. 6d. ; 
strictly net. 

Contents.l 

Part I., Definition of Resins in General — Definition of Balsams, and especially the Gum 
Resins — External and Superficial Characteristics of Resinous Bodies — Distinction between 
Resinous Bodies and Fats and Oils — Origin, Occurrence and Collection of Resinous Sub- 
stances — Classification — Chemical Constituents of Resinous Substances — Resinols — Resinot 
Annols — Behaviour of Resin Constituents towards the Cholesterine Reactions — Uses and 
Identification of Resins — Melting-point — Solvents — Acid Value — Saponification Value — Resin 
Value — Ester and Ether Values— Acetyl and Corbonyl Value — Methjrl Value — Resin Acid — 
Systematic R^sum^ of the Performance of the Acid and Saponification Value Tests. 

Part II., Balsams — Introduction — Definitions — Canada Balsam — Copaiba Balsam — Angos- 
tura Copaiba Balsam — Bal ia Copaiba Balsam — Cartha^ena Copaiba Balsam — Maracaibo 
Copaiba Balsam — Maturin Copaiba Balsam — Gurjum Copaiba Balsam — Para Copaiba Balsam 
— Surinam Copaiba Balsum — West African Copaiba Balsam — Mecca Balsam — Peruvian 
Balsam — ^Tolu Balsam — Acaroid Resin — Amine — Amber — African and West Indian Kino — 
Bengal Kino — Lab J anum — Mastic — Pine Resin — Sandarach — Scammonium — Shellac — Storax 
— Adulteration of Styrax Liquidus Crudus — Purified Storax — Styrax Crudus Colatus — Taca- 
mahac — ^Thapsia Resin — Turpentine — Chios Turpentine — Strassburg Turpentine — Turpeth 
Turpentine* Qum Resins — Ammoniacum — Bdellium — Euphorbium — Galbanum — Gamboge 
— Lactucarijm — Myrrh — Opopanax — Sagapenum — Olibanum or Incense — Acaroid Resin — 
Amber — Thapsia Resin. — Index. 
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MANUFACTURE OF PAINT. A Practical Handbook for 

Paint Manufacturers, Merchants and Painters. By J. Cruickshank 
Smith, B.Sc. Demy 8vo. 1901. 200 pp. Sixty Illustrations and One 
Large Diagram. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents; 

Part 1., Chapters I., Preparation of Raw Material. — II., Stonng of Raw Material. — III., 
Testing and Valuation of Raw Material — Paint Plant and Machineiy. 

Part II., Chapters V., The Grinding of White Lead.— VI., Grinding of White Zinc— VII.,. 
Grinding of other White Pigments. — VIII., Grinding of Oxide Paints. — IX., Grinding of Stain- 
ing Colours. — X., Grinding of Black Paints. — XL, Grinding of Chemical Colours — Yellows. — 
XIL, Grinding of Chemical Colours — Blues. — ^XIIL, Grinding Greens. — XIV., Grinding Reds. 
— XV., Grindmg Lakes. — XVI., Grinding Colours in Water. — XVII., Grinding Colours in 
Turpentine. 

Part III., Chapters XVIII., The Uses of Paint.— XIX., Testing and Matching Paints.— 
XX., Economic Considerations. — Index. 

Press Opinions. 

"Will fill a place hitherto unoccupied ; . . . Dears all the marks of thoroughness both on the 
scientific and technical side. That it will take its place as the standard book of its subject may 
safely be predicted." — Aberdeen Free Press. 

"This is a workmanlike manual of the methods and processes of an industry known to the 
world at large only by its remote results. . . . This clearly written and well-informed hand- 
book gives a plain exposition of these matters, and cannot but prove useful to manufacturers 
and merchants, and to painters curious about the materials in which they work." — The Scotstnaiu 

" Mr. Smith's book is practical throughout, and it will be found helpful to those engaged in 
the industry and those who make use of paints." — The A rchiUct. 

" It is an important text-book for students attending technical classes in these subjects, con- 
cisely setting forth in a most practical manner many intricate details in the preparation and 
production or paint during the operation of grinding. . . . The work should occupy a position 
on the bookshelf of every individual interested in paint." — The Decorators' and PairUers* 
Magazine^ 

THE CHEMISTRY OF PIGMENTS. By Ernest J. Parry, 

B.Sc. (Lond.), F.I.C., F.C.S., and J. H. Coste, F.I.C, F.C.S. Demy 
8vo. Five Illustrations. 285 pp. 1902. Price 10s. 6d. ; India and 
Colonies, lis. ; Other Countries, 12s. ; strictly net. 
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Chapter I., Introductory. Light — White Light — The Spectrum — The Invisible Spectrum 
— Normal Spectrum — Simple Nature of Pure Spectral Colour — The Recomposition of White 
Light — Primary and Complementary Colours — Coloured Bodies— Absorption Spectra. — Chap- 
ter II., The Application of Pig^ments. Uses of Pigments : Artistic, Decorative, Protective 
— Methods of Application of Pigments : Pastels and Crayons, Water Colour, Tempera 
Painting, Fresco, Encaustic Painting, Oil-colour Painting, Keramic Art, Enamel, Stained and 
Painted Glass, Mosaic— Chapter III., inor|fanlc Pig^ments. White Lead — Zinc White — 
Enamel White — Whitening — Red Lead— Litharge — Vermilion— Royal Scarlet — The Chromiun* 
Greens — Chromates of Lead, Zinc, Silver and Mercury — Brunswick Green — The Ochres — 
Indian Red — Venetian Red — Siennas and Umbers — Light Red — Cappagh Brown — Red Oxides 
— Mars Colours — Terre Verte — Prussian Brown — Cobalt Colours — Coeruleum — Smalt — Copper 
Pigments — Malachite — Bremen Green — Scheele's Green — Emerald Green — Verdigris — Bruns- 
wick Green — Non-arsenical Greens — Copper Blues — Ultramarine — Carbon Pigments — Ivory 
Black — Lamp Black — Bistre — Naples Yellow — Arsenic Sulphides : Orpiment, Realgar — 
Cadmium Yellow — Vandyck Brown. — Chapter IV., Organic Pigments. Prussian Blue — 
Natural Lakes — Cochineal — Carmine — Crimson — Lac Dye — Scarlet — Madder — Alizarin — Cam- 
peachy — Quercitron — Rhamnus — Brazil Wood — Alkanet — Santal Wood — Archil — Coal-tar 
Lakes — Red Lakes — Alizarin Compounds — Orange and Yellow Lakes — Green and Blue Lakes 
— Indigo — Dragon's Blood — Gamboge — Sepia — Indian Yellow, Puree — Bitumen, Asphaltum^ 
Mummy. — index. 

LEAD AND ITS COMPOUNDS. By Thos. Lambert^ 

Technical and Consulting Chemist. Demy 8vo. 200 pp. Forty Illus- 
trations. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries^ 
8s. 6d. net. Plans and Diagrams. 

Contents. 

Chapters I., History — Ores of Lead. — II., Geographical Distribution of the Lead Industry* 
— III., Chemical and Physical Properties of Lead — Alloys of Lead — Compounds of Lead. — 
IV., Dressing of Lead Ores. — V., Smelting of Lead Ores — Smelting in the Scotch or American 
Ore-hearth — Smelting in the Shaft or Blast Furnace. — VI., Condensation of Lead Fume. — 
VII., Desilverisation, or the Separation of Silver from Argentiferous Lead — Cupellation. 
— VIII., The Manufacture of Lead Pipes and Sheets. — IX., Protoxide of Lead — Litharge anJ 
Massicot— Red Lead or Minium — X., Lead Poisoning. — XI., Lead Substitutes. — XII., Zinc 
and its Compounds. — XIII., Pumice Stone. — XIV., Drying Oils and Siccatives. — XV., Oil of 
Turpentine Resin. — XVI., Classification of Mineral Pigments. — XVII., Analysis of Raw and 
Finished Products. — Tables. — Index 
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By Jas. Fairie, F.G.S. Crown 8vo. 1901. 64 pages. Price 28. 6d. ; 
Abroad, 3s. ; strictly net. 
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Chapters I., Definitions — Properties — Occurrence. — II., Galena — Johnstonite — Cerussite — 
Ceruse (White Lead)— Minium — Red Lead. — III., Pyromorphite — Mimetene — Hediphane — 
Crocoise — Wulfenite. — Vanadinite — IV., Bleigliitte — Anglesite— Caledonite — Linarite — Lanark- 
ite — Leadhillite — Susannite — Clausthalite — Cotunnite. — V., Mendipite — Matlockite — Crom- 
fordite — Nagyagite — Altaite — Melanochroite — Vauguelinite — Scheeletine. — VI., Plattncrite — 
Tilkcrodite — Raphanosmite — Deckenite — Descloezite — Duf renaysite — Bleinierite — Moffrasite 
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sierite — Percyh'te — Wolchite — Polysphracrite — Miesite. — Index. 

THE RISKS AND DANGERS OF VARIOUS OCCUPA- 
TIONS AND THEIR PREVENTION. By Leonard 

A. Parry, M.D., B.S. (Lond.). 196 pp. Demy 8vo. 1900. Price 7s. 6d. ; 
India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 
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Chapters I., Occupations which are Accompanied by the Generation and Scattering of 
Abnormal puantities of Dust. — II., Trades in which there is Danger of Metallic Poisoning. — 
III., Certain Chemical Trades. — IV., Some Miscellaneous Occupations. — V., Trades in which 
Various Poisonous Vapours are Inhaled. — VI., General Hygienic Considerations. — Index. 

PRACTICAL X RAY WORK. By Frank T. Addyman, 

B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London ; 
Radiographer to St. George's Hospital ; Demonstrator of Physics and 
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the X Rays. — III., The Discoverj*. 

Part II., Apparatus and Its Manag^ement — Chapters I., Electrical Terms.— II., Sources 
of Electricity. — III., Induction Coils. — IV., Electrostatic Machines. — ^V., Tubes. — VI., Air 
Pumps. — VII., Tube Holders and Stereoscopic Apparatus. — VIII., Fluorescent Screens. 

Part III., Practical X Ray Work — Chapters I., Installations. — II., Radioscopy. — III., 
Radiography. — IV., X Rays in Dentistry. — V., X Rays in Chemistry. — VI., X Rays in War. — 
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Frontispiece — Congenital Dislocation of Hip-Joint. — I., Needle in Finger. — II., Needle in 
Foot.— III., Revolver Bullet in Calf and Leg.— IV., A Method of Localisation.— V., Stellate 
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INDIA-RUBBER AND GUTTA PERCHA. Translated 
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in Practice. By E. Hausbrand, Engineer. Translated from the 
Second Revised German Edition by A. C. Wright, M.A. (Oxon.), 
B.Sc. (Lond.), formerly Assistant Lecturer and Demonstrator in 
Chemistry at the Yorkshire College, Leeds. With Twenty-one Illus- 
trations and Seventy-six Tables. Demy 8vo. 1902. Price 10s. 6d. ; 
India and Colonies, lis. ; Other Countries, 12s. net. 

Contents. 

Prefaces. — List of Tables. — Metric and British Systems and Thermometers compared. — 
Symbols and Contractions- — Introduction. — Chapters I., i?eCoef)icient of Transmission of 
Heat, k/, and the Mean Temperature Difference, 61m. — II., Parallel and Opposite Currents — 

III., Apparatus for Heating with Direct Fire. — IV., The Injection of Saturated Steam. — V., 
Superheated Steam. — VI., Evaporation by Means of Hot Liquids. — VII., The Transference 
of Heat in General, and Transference by means of Saturated Steam in Particular. — VIII., 
The Transference of Heat from Saturated Steam in Pipes (Coils) and Double Bottoms. — 
IX., Evaporation in a Vacuum. — X., The Multiple-effect Evaporator. — XI., Multiple-effiect 
Evaporators from which Extra Steam is Taken. — XII., The Weight of Water which must be 
Evaporated from 100 Kilos, of Liquor in order its Original Percentage of Dry Materials 
iProm 1-25 per cent, up to 20-70 per cent. — XIII., The Relative Proportion of the Heating 
Surfaces in the Elements of the Multiple Evaporator and their Actual Dimensions. — XIV.. 
The Pressure Exerted by Currents of Steam and Gas upon Floating Drops of Water. — 
XV., The Motion of Floating Drops of Water upon which Press Currents of Steam. — XVI., 
The Splashing of Evaporating Liquids. — XVII., The Diameter of Pipes for Steam, Alcohol, 
Vapour and Air.— XVIII., The Diameter of Water Pipes.— XIX., The Loss of Heat from 
Apparatus and Pipes to the Surrounding Air, and Means for Preventing the Loss. — XX., 
Condensers. — XXI., Heating Liquids by Means of Steam. — XXII., The Cooling of Liquids. 
— XXIII., The Volumes to be Exhausted from Condensers by the Air-pumps. — XXIV., A Few 
Remarks on Air-pumps and the Vacua they Produce. — XXV., The Volumetric Efficiency of 
Air-pumps. — XXVI., The Volumes of Air which must be Exhausted from a Vessel in order to 
Reduce its Original Pressure to a Certain Lower Pressure. — Index. 
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THE LEATHER WORKER'S MANUAL. Being a Com- 

pendium of Practical Recipes and Working Formulae for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers, and all Persons engaged in the Manipulation 
of Leather. By H. C. Standage. 165 pp. 1900. Price 78. 6d. ; 
India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 
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Chapters I., Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe 
Leather. — II., Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top 
Powders and Liquids, etc., etc. — III., Leather Grinders' Sundries. — IV., Currier's Seasonings, 
Blacking Compounds, Dressings, Finishes, Glosses, etc.-r-V., Dyes and Stains for Leather. — 
VI., Miscellaneous Information. — VII., Chrome Tannage. — Index. 

Press Opinions. 

" The book being absolutely unique." — Birmingham Gazette. 

** This is a valuable collection of practical receipts and working formulae for the use of those 
engaged in the manipulation of leather." — Liverpool Mercury. 



16 

PRACTICAL TREATISE ON THE LEATHER IN- 
DUSTRY. By A. M. Villon. A Translation of Villon's 
" Traite Pratique de la Fabrication des cuirs et du Travail des Peaux ". 
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Woods ; IV., Powdering Fruit, Galls and Grains ; V., Notes on the Grinding of Bark — Chap* 
ter III., Manufacture of Sole Leather: I., Soaking; II., Sweating and Unhairing; III., 
Plumping and Colouring; IV., Handling; V., Tanning; VI., Tannmg Elephants' Hides; 
VII., Drying; VIII., Striking or Pinning— -Chapter IV., Manufacture of Dressing Leather: 
I., Soaking; II., Depilation; III., New Processes for the Depilation of Skins; IV., Tanning: 
v., Cow Hides; VI., Horse Hides; VII., Goat Skins; Manufacture of Split Hides — Chap- 
ter v., On Various Methods of Tanning: I., Mechanical Methods; II., Physical Methods; 
III., Chemical Methods; IV., Tanning with Extracts — Chapter VI., Quantity and Quality,; 
I., Quantity; II., Net Cost; III., Quality of Leather — Chapter VII., Various Manipulations 
of Tanned Leather: I., Second Tanning; II., Grease Stains; III., Bleaching Leather; IV., 
Waterproofing Leather; V., Weighting Tanned Leather; VI., Preservation of Leather — 
Chapter VIII., Tanning Various Skms. 

Part III., Carrying: — Chapter I., Waxed Calf: I., Preparation; II., Shaving; III.. 
Stretching or Slicking; IV., Oiling the Grain ; V., Oiling the Flesh Side; VI., Whitening and 
Graining; VII., Waxing; VIII., Finishing; IX., Dry Finishing; X., Finishing in Colour; 
XL, Cost— Chapter II., White Calf: I., Finishing in White— Chapter III., Cow Hide for 
Upper Leathers: I., Black Cow Hide; II., White Cow Hide; III., Coloured Cow Hide. — 
Chapter IV., Smooth Cow Hide — Chapter V., Black Leather — Chapter VI., Miscellaneous 
Hides: I., Horse; II., Goat; III., Waxed Goat Skin; IV., Matt Goat Skin— Chapter VII., 
Russia Leather: I., Russia Leather; II.. Artificial Prussia Leather. 

Part IV., i^namelled, Huns^ry and Chamoy Leather, Morocco, Parchment, Furs 
and Artificial Leather — Chapter I., Enamelled Leather: I., Varnish Manufacture; IL, 
Application of the Enamel; III., Enamelling in Colour — Chapter II., Hungary Leather: I., 
Preliminary; II., Wet Work or Preparation; III., Aluming; IV., Dressing or Loft Work; 
v.. Tallowing; VI., Hungai^ Leather from Various Hides — Chapter III., Tawing: I., Pre- 
paratory Operations; 1 1., Dressing; III., Dyeing Tawed Skins; IV., Rugs — Chapter IV., 
Chamoy Leather — Chapter V., Morocco: I., Preliminary Operations, IL, Morocco Tanning; 
III., Mordants used in Morocco Manufacture; IV., Natural Colours used in Morocco 
Dyeing; V., Artificial Colours ; VI. Different Methods of Dyeing; VII., Dyeing with Natural 
Colours; VIII., Dyeing with Aniline Colours; IX.. Dyeing with Metallic Salts; X., Leather 
Printing; XL, Finishing Morocco; XII., Shagreen; XIIL, Bronzed Leather — Chapter VI., 
Gilding and Silvering: I., Gilding; IL, Silvering; III., Nickel and Cobalt— Chapter VII. 
Parchment — Chapter VIII., Furs and Furriery: I., Preliminary Remarks; II.,. Indigenous 
Furs; III., Foreign Furs from Hot Countries; IV.. Foreign Furs from Cold Countries; V., 
Furs from Birds* Skins; VI., Preparation of Furs; VII., Dressing; VUI.. Colouring; IX., 
Preparation of Birds' Skins; X.. Preservation of Furs — Chapter Ia., Artificial Leather: I., 
Leather made from Scraps; II., Compressed Leather; III., American Cloth; IV., Papier 
M&ch6 ; v.. Linoleum ; VI., Artificial Leather. 

Part v., Leather Testing^ and the Tiieory of Tannlngr— Chapter L, Testing and Analysis 
of Leather: I., Physical Testing of Tanned Leather; IL, Chemical Analysis — Chapter II., 
The Theory of Tanning and the other Operations of the Leather and Skin Industry: I., 
Theory of Soaking; IL, Theory of Unhairing; III., Theory of Swelling; IV., Theory of 
Handling; V. Theory of Tanning; VI., Theory of the Action of Tannin on the Skin; VII.» 
Theory of Hungary Leather Making; VIII., Theory of Tawing; IX., Theory of Chamoy 
Leather Making ; X., Theory of Mineral Tanning. 

Part VI., Uses of Leather — Chapter I., Machine Belts: I., Manufacture of Belting; II.» 
Leather Chain Belts; III., Various Belts, IV., Use of Belts— Chapter II., Boot and Shoe- 
making: I., Boots and Shoes; II., Laces — Chapter III., Saddlery: I., Composition of a 
Saddle; IL, Construction of a Saddle — Chapter IV., Harness: I., The Pack Saddle; IL, 
Harness — Chapter V., Militanr Equipment — Chapter VI., Glove Making— Chapter VII., 
Carriage Building — Chapter VI IL, Mechanical Uses. 

Appendix, The World's Commerce in Leather— I., Europe; IL, America; III., Asia 
IV., Africa ; Australasia — Index. 

Press Opinions. 

"The book is well and lucidly written." — Shoe Manufacturers' Monthly J ourtial. 
** This book cannot fail to be of great value to all engaged in the leather trades. . . . "— 
Midland Free Press. 
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** Gives much useful and interesting information concerning the various processes by which 
the skins of animals are converted into leather." — Leeds Mercury. 

" It can thus be confidently recommended to all who are more or less practically in« 
terested in the technology of a very important subject." — Leicester Post. 

** This is, in every respect, an altogether admiraole, practical, clear and lucid treatise on 
the various and numerous branches of the great leather industry, of which it deals in an ex- 
haustive, highly intelligent, workmanlike and scientific manner. . . . " — Shoe and Leather 
Trader. 

*' It certainly should be worth the while of English tanners to see what lessons they can 
learn from French practice, and French practice, we should imagine, could hardly have a 
better exponent than the author of this large volume." — Western DaUy Press and Bristol Times, 

** ... As a work of reference the volume will be extremely useful in the trade, and where 
leisure affords sufficient opportunity a careful perusal and study of it would afford ample 
reward." — Kettering Guardian. 
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Tiles, Glass, etc. 

THE MANUAL OF PRACTICAL POTTING. Revised 

and Enlarged. Third Edition. 200 pp. 1901. Price 17s. 6d.; India 
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and Analysis. Classification of Cls^ Ware, Lord Playfair's Analysis of Clays, The Markets 
of the World, Time and Scale of Firing, Weights of Potter's Material, Decorated Goods 
Count. — VI., Comparative Loss of Weight of Clays. — ^VII., Ground Felspar Calculations. — 
VIII., The Conversion of Slop Body Recipes into Dry Weight. — IX., The Cost of Prepared 
Earthenware Clay. — X., Forms and Tables. Articles of Apprenticeship, Manufacturer's 
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Workman's Settling Table, Comparative Guide for Earthenware and China Manufacturers in 
the use of Slop Flint and Slop Stone, Foreign Terms applied to Earthenware and China 
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CERAMIC TECHNOLOGY : Being some Aspects of Tech- 
nical Science as Applied to Pottery Manufacture. Edited by Charles 
F. BiNNS. 100 pp. Demy 8vo. 1897. Price 12s. 6d.; India and 
Colonies, 13s. 6d. ; Other Countries, 15s. ; strictly net. 
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thesis. — III., Clays and their Components. — IV., The Biscuit Oven. — V., Pyrometry. — Vl., 
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RECIPES FOR FLINT GLASS MAKING. By a British 

Glass Master and Mixer. Sixty Recipes. Being Leaves from the 
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up-to-date recipes and valuable information as to Crystal, Demi-crystal 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
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HOW TO ANALYSE CLAY. Practical Methods for Prac- 
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2s. 6d. ; Abroad, 3s. ; strictly net. 

ContentSa 

List of Apparatus — List of Atomic Weights — Use of Balance, and Burette, Sand Bath, and 
Water Bath — Dessicator — Drying Oven — Filtering — Fusion — Determination of Water, Organic 
Matter, Iron, Calcium, Alkalies, Limestone, Silica, Alumina, Magnesium; etc. — Mechanical 
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ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena- 
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of Clays ; § 3, Working of Clay-Pits— I. Open Pits : Extraction, Transport, Cost— II. Under- 
ground Pits — Mining Laws. Chapter II., Preparation of the Clav : Weathering, Mixing 
Cleaning, Crushing and Pulverising — Crushing Cylinders and Mills, Pounding Machines — 
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Hand and Steam Presses, Particulars— (2) Drying, by Exposure to Air, Without Shelter, and 
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Firing, Enamelling, I^coration — Applications — Faiences for Fireplaces. Chapter IV., Archi- 
tectural Decorated Pottery: § 1, Faiences; § 2, Stoneware; § 3, Porcelain. Chapter V.» 
Sanitary Pottery : Stoneware Pipes : Manufacture, Firing — Applications — Sinks — Applications 
— Urinals, Seats and Pans — ^Applications — Drinking-fountains, Washstands. — Index. 

A TREATISE ON THE CERAMIC INDUSTRIES. A 

Complete Manual for Pottery, Tile and Brick Works. By Emilb. 
BouRRY, Ingenieur des Arts et Manufactures. Translated from the 
French by Wilton P. Rix, Examiner in Pottery and Porcelain to the 
City and Guilds of London Technical Institute, Pottery Instructor to 
the Hanley School Board. Royal 8vo. 1901. Over 700 pp. Price 
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during Firing — Description of the Kilns — Working of the Kilns. — VIII., Decoration. Colouring 
Materials — Processes of Decoration. 

Part II., Special Pottery Methods. Chapters IX., Terra Cottas. Classification: 
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EARTHENWARE. By J. Howarth. Second Edition. 
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perties, Uses and Analyses of Ball Clays, China Clays and China 
Stone. By Jas. Fairie, F.G.S. 1901. 132 pp. Crown 8vo. Price 
3s.- 6d. ; India and Colonies, 4s. ; Other Countries, 4s. 6d. ; strictly net. 

Contents. 

Definitions — Occurrence — Brick Clays — Fire Clays — Analyses of Fire Clays. — Ball Clays- 
Properties — Analyses — Occurrence — Pipe Clay — Black Clay — Brown Clay — Blue Clay — Dor- 
setshire and Devonshire Clays. — China Clay or Kaolin — Occurrence — Chinese Kaolin — Cornish 
Clays — Hensbarrow Granite — Properties, Analyses and Composition of China Clays — 
Method of Obtaining China Oiay — Experiments with Chinese Kaolin — Analyses of Chinese 
and Japanese Clays and Bodies — Irish Clays.— Chinese Stone — Composition — Occurrence — 
Analyses. — I ndex. 

PAINTING ON GLASS AND PORCELAIN AND 
ENAMEL PAINTING. A Complete Introduction to the 

Preparation of all the Colours and Fluxes used for Painting on Porce- 
lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col- 
oured Glasses, together with a Minute Description of the Firing of 
Colours and Enamels. On the Basis of Personal Practical Experience 
of the Condition of the Art up to Date. By Felix Hermann, Technical 
Chemist. With Eighteen Illustrations. 300 pp. Translated from the 
German second and enlarged Edition. 1897. Price 10s. 6d. ; India 
and Colonies, lis.; Other Countries, 12s.; strictly net. 

Contents. 

History of Glass Painting. — Chapters I., The Articles to be Painted : Glass, Porcelain, 
Enamel, Stoneware, Faience. — II., Pigments: 1, Metallic Pigments: Antimony Oxide, Naples 
Yellow, Barium Chromate, Lead Chromate, Silver Chloride, Chromic Oxide. — III., Fluxes: 
Fluxes, Felspar, Quartz, Purifying Quartz, Sedimentation, Quenching, Borax, Boracic Acid, 
Potassium and Sodium Carbonates, Rocaille Flux. — IV., Preparation of the Colours for Glass 
Painting. — V., The Colour Pastes. — VI., The Coloured Glasses. — VII., Composition of the 
Porcelam Colours. — VIII., The Enamel Colours: Enamels for Artistic Work. — IX., Metallic 
Ornamentation : Porcelain Gilding, Glass Gilding. — X., Firing the Colours : 1, Remarks on 
Firing : Firing Colours on Glass, Firing Colours on Porcelain ; 2, The Muffle. — XL, Accidents 
occasionally Supervening during the Process of Firing. — XII., Remarks on the Different 
Methods or Painting on Glass, Porcelain, etc. — Appendix: Cleaning Old Glass Paintings. 

Press Opinions. 

"Will be found of much interest to the amateur." — Art Amateur, New York, 

"... The whole cannot fail to be both of service and interest to glass workers and to 
potters generally, especially those employed upon high-class work." — Staffordshire Sentinel, 

" For manufacturers and students it will be a valuable workj and the recipes which appear 
on almost every page form a very valuable feature." — Builders journal. 

"... Very careful instructions are given for the chemical and mechanical preparation of 
the colours used in glass-staining and porcelain-painting ; indeed, to the china painter such a 
book as this should be of permanent value." — Daily Chronicle. 

A TREATISE ON THE ART OF GLASS PAINTING. 

Prefaced with a Review of Ancient Glass. By Ernest R. Suffling. 

With One Coloured Plate and Thirty-seven Illustrations. Demy 8vo. 
^ 140 pp. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 

8s. 6d. net. 
^ Contents. 

• Chapters I., A Short History of Stained Glass. — II., Designing Scale Drawings. — III., Car- 

f toons and the Cut Line. — IV., Various Kinds of Glass Cutting for Windows. — V., The Colours 

and Brushes used in Glass Painting. — VI., Painting on Glass, Dispersed Patterns. — VII., 
Diapered Patterns— Adding— Firing.— VIII., Fret Lead Glazing.— Index. 
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A R eisBu e of 

THE HISTORY OF THE STAFFORDSHIRE POTTER- 

lES; AND THE RISE AND PROGRESS OF THE 

MANUFACTURE OF POTTERY AND PORCELAIN. 

With References to Genuine Specimens, and Notices of Eminent Pot- 
ters. By Simeon Shaw. (Originally Published in 1829.) 265 pp. 
1900. Demy Svo. Price 78. 6d. ; India and Colonies, Ss. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Introductory Chapter showing the position of the Pottery Trade at the present tinae 
1899).— Chapters I., Preliminary Remarks.— II., The Potteries, comprising Tunstall, 
Brownhills, Greenfield and New Field, Golden Hill, Latebrook, Green Lane, Burslem, Long- 
port and Dale Hall, Hot Lane and Cobridge, Hanley and Shelton, Btruria, Stoke, Penkhun, 
Penton, Lane Delph, Poley, Lane End. — III., On tlie Origin of the Art, and its Practice 
among the early Nations. — IV., Manufacture of Pottery, prior to 1700.— V., The Introduc- 
tion of Red Porcelain by Messrs. Elers, of Bradwell, 1090.— VI., Progress of the Manu- 
facture from 1700 to Mr. Wedgwood's commencement in 1760. — ^VII.. introduction of Fluid 
Qlaze. — Extension of the Manufacture of Cream Colour. — Mr. Wedgwood's Queen's Ware. — 
Jswper, and Appointment of Potter to Her Majesty. — Black Printing. — VIII., Introduction 
of Porcelain. Mr. W. Littler's Porcelain. — Mr. Cookworthy's Discovery of Kaolin and 
Petuntse, and Patent. — Sold to Mr. Champion — resold to the New Hall Com. — Extension of 
Term.— IX., Blue Printed Pottery. Mr. Turner, Mr. Spode (1), Mr. Baddeley, Mr. Spode 
(2), Messrs. Turner, Mr. Wood, Mr. Wilson, Mr. Minton. — Great Chsmge in Patterns of Blue 
Printed. — X., Introduction of Lustre Pottery. Improvements in Pottery and Porcelain 
subsequent to 1800. 

Press Opinions. 

** There is much curious and useful information in the work, and the publishers have rendered 
the public a service in reissuing it." — Burton Mail. 

** Copies of the original work are now of considerable value, and the facsimile reprint now 
issued cannot but prove of considerable interest to all interested in the great industry."— D«rfry 
Mtrcury. 

A Reissue of 
THE CHEMISTRY OF THE SEVERAL NATURAL 

AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon Shaw. 

(Originally published in 1837.) 750 pp. 1900. Royal Svo. Price 14s. ; 
India and Colonies, 15s. ; Other Countries, 16s. 6d. ; strictly net. 

Contents. 

PART I., ANALYSIS AND MATERIALS.— Chapters I., Introduction : Laboratory and 
Apparatus; Elements: Combinative Potencies, Manipulative Processes for Analysis and 
Reagents, Pulverisation, Blow-pipe Analysis, Humid Analysis, Preparatory Manipulations, 
General Analytic Processes, Compounds Soluble in Water, Compounds Soluble only in Acids, 
Compounds (Mixed) Soluble in Water, Compounds (Mixed) Soluble in Acids, Compounds 
(Mixed) Insoluble, Particular Analytic Processes. — II., Temperature: Coal, Steam Heat for 
Printers* Stoves. — III., Acids and Alkalies : Boracic Acid, Muriatic Acid, Nitric Acid, Sul- 
phuric Acid, Potash, Soda, Lithia, Calculation of Chemical Separations. — IV., The Earths : 
Alumine, Clays, Silica, Flint, Lime, Plaster of Paris, Magnesia, Barytes, Felspar, Grauen (or 
China Stone), China Clay, Chert. — ^V., Metals : Reciprocal Combinative Potencies of the MetsJs, 
Antimony, Arsenic, Chromium, Green Oxide, Cobalt, Chromic Acid, Humid Separation of 
Nickel from Cobalt, Arsenite of Cobalt, Copper, Gold, Iron, Lead, Manganese, Platinum, Silver, 
Tin, Zinc. 

PART II., SYNTHESIS AND COMPOUNDS.— Chapters I., Sketch of the Origin and 
Progress of the Art. — II., Science of Mlxine : Scientific Principles of the Manufacture, Com- 
binative Potencies of the Earths. — III., Bodies: Porcelain — Hard, Porcelain — Fritted Bodies, 
Porcelain — Raw Bodies, Porcelain — Soft, Fritted Bodies, Raw Bodies, Stone Bodies, Ironstone, 
Dry Bodies, Chemical Utensils, Fritted Jasper, Fritted Pearl, Fritted Drab, Raw Chemical 
Utensils, Raw Stone, Raw Jasper, Raw Pearl, Raw Mortar, Raw Drab, Raw Brown, Raw Fawn, 
Raw Cane, Raw Red Porous, Raw Egyptian, Earthenware, Queen's Ware, Cream Colour, Blue 
and Fancy Printed, Dipped and Mocha, Chalky, Rings, Stilts, etc. — IV., Glazes : Porcelain — 
Hard Fritted, Porcelain — Soft Fritted, Porcelain — Soft Raw, Cream Colour Porcelain, Blue 
Printed Porcelain, Fritted Glazes, Analysis of Fritt, Analysis of Glaze, Coloured Glazes, Dips, 
Smears and Washes; Glasses: Flint Glass, Coloured Glasses, Artificial Garnet, Artificial 
Emerald, Artificial Amethyst, Artificial Sapphire, Artificial Opal, Plate Glass, Crown Glass, 
Broad Glass, Bottle Glass, Phosphoric Glass, British Steel Glass, Glass-Staining and Painting, 
Engraving on Glass, Dr. Faraday's Experiments. — V., Colours: Colour Making, Fluxes or 
Solvents, (Components of the Colours; Reds, etc., from Qold, Carmine or Rose Colour, 
Purple, Reds, etc., from Iron, Blues, Yellows, Greens, Blacks, White, Silver for Burnishing, 
Gold for Burnishing, Printer's Oil, Lustres. 

PART III., TABLES OF THE CHARACTERISTICS OF CHEMICAL SUB- 
STANCES. 
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Press Opinions. 

** . . . There is an excellent historical sketch of the origin and prepress of the art of pottery 
'which shows the intimate knowledge of classical as well as (the then) modem scientific litera- 
ture possessed by the late Dr. Shaw."— G/os^ow Herald. 

'* The historical sketch of the origin and prepress of pottery is very interesting and instruc- 
tive. The science of mixing is a problem of great importance, and the query how the natural 
products, alumina and silica can be compounded to form the best wares may be solved by the 
aid of chemistry instead of by guesses, as was formerly the case. This portion ot the book may 
be most suggestive to the manufacturer, as also the chapters devoted to the subject of glazes, 
glasses and colours." — Birmingham Post. 

** Messrs. Scott, Greenwood & Co. are doing their best to place before the pottery trades 
some really good books, and their spirited enterprise is worthy of encouragement, for the 
utility of technical literature bearing upon the ractical side of potting goes without s^ing. 
. . . They are to be congratulated on their enterprise in republishing it." — Staffordshtre 
Sentinel. 



Paper Making. 



THE DYEING OF PAPER PULP. A Practical Treatise for 

the use of Papermakers, Paperstainers, Students and others. By 
Julius Ekpurt, Manager of a Paper Mill. Translated into Englisjfi 
and Edited with Additions by Julius Hubner, F.C.S., Lecturer on 
Papermaking at the Manchester Municipal Technical School. With 
Illustrations and 157 patterns Of paper dyed In the pulp. Royal 
8yo, 180 pp. 1901. Price 15s. ; India and Colonies, 16s. ; Other 
Countries, 20s. ; strictly net. Limited edition. 

Contents. 
I., Behaviour off the Paper Fibres during: the Process of Dyeing, Theory of the 
Mordant.— II., Colour Pixingr Mediums (Mordants).— I IL, Influence of the Quality of 
the Water Used.— IV., inoriranic Colours.— V., Oriranic Colours.— VI., Practical 
Application off the Coal Tar Colours accordinir to their Properties and their 
Behaviour towards the Different Paper Fibres.— Vli., Dyed Patterns on Various Pulp 
Mixtures.— Dyeinsr to Shade.— Index. 

Press Opinions. 

'* The book is one that is of value to every one connected with the colouring of paper." — 
Paper Trade Journal. 

"The great feature of the volume is undoubtedly the series of actual patterns of dyed 
papers, 157 in all — twelve of which, made in England, have been added to the original German 
series. Detailed formulae are given for the preparation of the pulp for each, and the tints of 
the samples practically form a key, by means of which the accuracy of the student's or 
practitioner's experiments can be tested. . . ." — World's Paper Trade Review. 

Enamelling on Metal. 

ENAMELS AND ENAMELLING. An Introduction to the 

Preparation and Application of all Kinds of Enamels for Technical and 
Artistic Purposes. For Enamel Makers, Workers in Gold and Silver, 
and Manufacturers of Objects of Art. By Paul Randau. Translated 
from the German. With Sixteen Illustrations. 180 pp. 1900. Price 
10s. 6d. ; India and Colonies, lis. ; Other Countries, 12s. ; strictly net. 

Contents. 

I., Introduction. — II., Composition and Properties of Glass. — III., Raw Materials for the 
Manufacture of Enamels. — IV., Substances Added to Produce Opacity. — V., Fluxes. — ^VI., Pig- 
ments. — VII., Decolorising Agents. — VIII., Testing the Raw Materials with the Blow-pipe 
Flame. — IX., Subsidiary Materials. — X., Preparing the Materials for Enamel Making.— XI., 
Mixing the Materials. — ^XII., The Preparation of Technical Enamels, The Enamel Mass. — 
XIII., Appliances for Smeltmg the Enamel Mass. — XIV., Smelting the Charge. — XV., Com- 
position of Enamel Masses.— -aVI., Composition of Masses for Ground Enamels. — XVII., 
Composition of Cover Enamels. — XVIII., Preparing the Articles for Enamelling. — XIX., 
Applying the Enamel. — XX., Firing the Ground Enamel. — XXL, Applying and Firing the 
Cover Enamel or Glaze. — ^XXII., Repairing Defects in Enamelled Ware. — XXIII., Enamelling 
Articles of Sheet Metal.— XXIV., Decorating Enamelled Ware.— XXV., Specialities in Ena-> 
melling. — ^XXVI., Dial-plate Enamelling. — XXVII., Enamels for Artistic Purposes, Recipes 
ior Enamels of Various Colours. — Index. 

Press Opinions. 

" Should prove of great service to all who are either engaged in or interested in the art of 
enamelling."- T^tceZ/^rs and Watchmakers' Trade A dvertiser. 

** I must inform you that this is the best book ever I have come across on enamels, and it is 
worth double its cost."--J. Minchin, Jr., Porto, Portugal, 22nd July, 1900. 

" This is a very useful and thoroughly practical treatise, and deals with every branch of the 
enameUer's art." — Invention. 
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THE ART OF ENAMELLING ON METAL. By W. 

Norman Brown. Twenty-eight Illustrations. Crown 8vo. 60 pp» 
1900. Price 2s. 6d. ; Abroad, 3s. ; strictly net. 

Contents. 

Chapters I., History — Cloisonn6 — Champs Lev6 — ^Translucent Enamel — Surface Painted 
Enamels.— II., Cloisonne— Champs Lev6s— Translucent— Painted.— III., Painted Enamel- 
Apparatus— Furnaces and Muffles for Firing.— IV., The Copper Base or Plate— Planishing — 
Cloisons— Champ Lev6 Plates.— V., Enamels— Trituration— Washing— Coating a Plate with 
Enamel— Firing Ordinary Plaques for Painting— Designing— Squaring off.— VI., Designs for 
Cloisonne— Designs for Painted Enamels— Technical Processes — Brushes, etc.,— Colours — 
Grisaille — Full-coloured Designs. 

Press Opinion. 

•* The information conveyed in The A rt of Enamelling on Metal is as complete as can be ex- 
pected in a manual of ordinary length, and is quite ample in all respects to start students in a 
most interesting branch of decorative art." — Hardware Metals and Machinery. \ 

Books on Textile and Dyeing 

Subjects. 

THE TECHNICAL TESTING OF YARNS AND TEX- 
TILE FABRICS. With Reference to Official Specifica- 
tions. Translated from the German of Dr. J. Herzfeld. Second 
Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. 1902. Price 
10s. 6d. ; India and Colonies, lis. ; Other Countries, 12s. ; strictly net. 

Contents. 

Yarn Testingr. HI.. Determinlngr the Yam Number.— IV., Testing the Lencth of 
Yams.— v., examination of the Extemal Appearance of Yarn.— VI., Determinins: the 
Twist of Yam and Twist.— VII., Determination of Tensile Strength and Blasticfty.— 
VIII., Bstimatlngr the Percentagre of Pat in Yam.— IX., Determination of Moisture 

(Conditioning). — Appendix ■ 

Press Opinions. 

" It would be well if our English manufacturers would avail themselves of this important 
addition to the extensive list of German publications which, by the spread of technical infor- 
mation, contribute in no small degree to the success, and sometimes to the supremacy, of 
Germany in almost every branch of textile manufacture." — Manchester Courier. 

" This is probably the most exhaustive book published in English on the subject." — Textile 
Recorder. 

" A careful study of this book enables one to say with certainty that it is a standard work on 
the subject." — Glasgow Herald. 

" For the nrst time all the data relating to both physical and chemical tests as used 
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throughout the whole of the textile industry, so that not only the commercial and textile 
chemist, who has frequently to reply to questions on these matters, but also the practical 
manufacturer of textiles and his subordinates, whether in spinning, weaving, dyeing, and 
finishing, are catered for. . . . The book is profusely illustrated, and the subjects of these 
illustrations are clearly described." — Textile Manufacturer. 

DECORATIVE AND FANCY TEXTILE FABRICS. 

With Designs and Illustrations. By R. T. Lord. A Valuable Book for 
Manufacturers and Designers of Carpets, Damask, Dress and all Textile 
Fabrics. 200 pp. 1898. Demy8vo. 132 Designs and Illustrations. Price 
7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., A Few Hints on Designing Ornamental Textile Fabrics. — II., A Few Hints on 
Designmg Ornamental Textile Fabrics (continued). — III., A Few Hints on Designing Orna- 
mental Textile Fabrics (continued). — IV., A Few Hints on Designing Ornamental Textile 
Fabrics (continued). — V., Hints for Ruled-paper Draughtsmen. — VI., The Jacquard Machine. — 
VII., Brussels and Wilton Carpets. — VIII., Tapestry Carpets. — IX., Ingrain Carpets. — 7L^ 
Axminster Carpets. — XI., Damask and Tapestry Fabrics. — XII., Scarf Suks and Ribbons.— 
XIII., Silk Handkerchiefs.— XIV., Dress Fabrics.— XV., Mantle Cloths.— XVI., Figured Plush. 
—XVII., Bed Quilts.— XVIII., Calico Printing. 

Press Opinions. 

" The book can be strongly recommended to students and practical men." — Textile Colourist^ 

"Those engaged in the designing of dress, mantle tapestry, carpet and other ornamental 
textiles will find this volume a useful work of reference." — Leeds Mercury. 

"To be commended as a model manual." — Dundee Advertiser. 

'* Designers especially, who desire to make progress in their calling, will do well to take the 
hints thrown out in the first four chapters on ' Designing Ornamental Textile Fabrics *." — 
Nottingham Daily Guardian. 
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POWER-LOOM WEAVING AND YARN NUMBERING, 

According to Various Systems, with Conversion Tables. An Auxiliary 
and Text-book for Pupils of Weaving Schools, as well as for Self- 
Instruction and for General Use by those engaged in the Weaving 
Industry. Translated from the German of Anthon Gruner. With 
Twenty-8lx DIafirrams In Colours. 150 pp. 1900. Crown 8vo. Price 
7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

I., Power- Loom Weaving: in General. Various Systems of Looms.— II., Mounting: 

and Starting- the Power- Loom. English Looms.— Tappet or Treadle Looms.— Dobbies. — 

III., Qeneral Remarks on the Numbering, Reeling and Pacldngof Yam.— Appendix.— 

Useful hints. Calculating Warps. — Weft Calculations. — Calculations of Cost Price in Hanks. 

Press Opinions. 

** A long-felt want in the weaving industry." — Beljast Evening Telegraph. 

"The author has dealt very practically with the subject." — Bradford Daily Telegraph. 

"The book . . . should prove invaluable to the student." — Cotton Factory Times. 

" It is a capita] text-book for use in the weaving schools or for self-instruction, while all 
engaged in the weaving industry will find its suggestions helpful." — Northern Daily Telegraph. 

"Yarn numbering according to various systems, with conversion tables and numerous 
coloured diagrams, materially assist to a clear comprehension of the subject.". — Northern Whig. 

"The * inside' managers of our textile mills in which the work is complex or greatly varied, 
and where yams of different materials are in use, will find this work convenient for reference." 
•^Textile Mercury. 

" The author attempts to fill a gap in weaving literature caused by the neglect of many 
obscure points connected with the industry." — Cheshire County News. 

"It is clear and concise, and gives just that knowledge in quality and amount which anv 
student of the weaving industry ought to consider as a minimum necessary for his thorough 
comprehension of his future profession." — North British Daily Mail. 

"... The work should pro^e of much value, as it is in every sense practical, and is put 
Iwfore the reader in such a clear manner that it can be easily understood." — Textile Industries. 

" The smallest details of loom-setting are entered into, and a full explanation of problems, 
which are a source of anxiety to many engaged in overlooking, is given. Students will find 
the work an admirable text-book, and all who are interested in weaving will see in it a valuable 
addition to the literature on this subject." — Bradford Observer. 

THE CHEMICAL TECHNOLOGY OF TEXTILE 

FIBRES: Their Origin, Structure, Preparation, Washing, 
Bleaching, Dyeing, Printing and Dressing. By Dr. Georg von 
Georgievics. Translated from the German by Charles Salter. 
320 pp. Forty-seven Illustrations. Royal 8vo. 1902. Price 10s. 6d. ; 
India and Colonies, lis. ; Other Countries, 12s. net. 

Contents. 

Chapters I., The Textile Fibres.— Artificial Fibres— Mineral Fibres— Vegetable Fibres- 
Cellulose— Cotton — Bombax Cotton — Vegetable Silk — Flax — Hemp — Jute — Ramie, Rhea, China 
Grass, Nettle Fibre — Distinguishing Tests for the Various Fibres — Animal Fibres: Silk — Animal 
Hairs— Sheep's Wool— Goat Wool and Camel Wool— Artificial Wool (Wool Substitutes)— 
Conditioning. — XL, Washing, Bleachinj^, Carbonisinsf. — Washing and Bleaching (I>efinition) 
—Bleaching Agents— Cotton Bleaching — Linen Bleaching — Jute Bleaching — Hemp Bleaching 
— Ramie Bleaching — Scouring and Bleaching Silk — Washing and Bleaching Wool — Blueing or 
White Dyeing— Carbonising. — III., Mordants and Mordanting-.— Mordants: Mordanting 
Wool — Mordanting Silk — Mordanting Cotton — Alumina Mordants — Iron Mordants — Chrome 
Mordants — Tin Mordants — Copper and other Mordants — The Fixing Agents (Acid Mordants) : 
Tannic Acids — Oleic Acids. — IV., Dyeinsf. — (1) Theory of Colour: Combination of Colours: 
Dyeing to Pattern— (2) Theory of Dyem^— (3) Classification of Dye Stuffs: Methods of Dyeing- 
Application of Acid Dye StufFs — Application of Basic Dye Stuffs — Application of Direct or 
Substantive Cotton Dyes — Application of the Mordant Dyes : Dyeing with Cochineal — Black 
and Blue Dyeings with Logwood on Wool — Turkey-Red Dyeing — £)yeing with Catechu — Black- 
Dyeing Cotton with Logwood — Application of the Vat Dyes — Application of the Developing 
Dyes — (4) Dyeing on a Manufacturing Scale : Selection of Dye Stuffs for Dyeing — Silk Dyeing 
— -Wool Dyeing — Cotton Dyeing — Dyeing Mixed Fabrics — (5) Sample Dyeings, Colorimetric 
Determinations, Reactions of Dye Stuffs on the Fibre, Tests for Fastness— V., Printing. — 
Hsuid Printing — The Perrotine Press — The Cylinder Press — Calico Printing: (1) Reproduction 
of Pattern by Direct Printing : Thickening Agents — Employment of Mordant Dye Stuffs, Basic, 
Albumin, Direct, Developing, Vat, Acid — Treatment of the Goods when Printed — (2) Combined 
Printing and Dyeing — (3) Discharge Style Printing: Discharging the Mordant — Discharging 
Antimony Tannate — Discharging the Finished Dye — Turkey-Red Dischargee Style — (4) Reserve 
Style Printing — (5) Topping Printing — Wool Printing — Silk Printing — Printing Yams, Warps, 
and Combed Sliver. — VI., Dressing: and Finlstainfl:. — Dressing and Finishing— Substances 
used in Finishing : (1) Starch, Gum, etc. — (2) Fatty Substances — (3) Hygroscopic Materials — 
(4) Loading Ingredients — (5) Colouring for the Dressing Preparations — (6) Metals or their 
Sulphites — (7) Waterproofing — (8) Fireproofing— (9) Antiseptics for Prevention of Mould — 
Application of Dressings — Drying — Stretching — Finishing: Shearing, Damping, Calendering, 
Beetling, Moir^ or Watered Effects, Stamping— Finishing Woollens. — Index. 
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COLOUR: A HANDBOOK OF THE THEORY OP 
COLOUR. By George H. Hurst, F.C.S. With Ten 

Coloured Plates and Seventy-two Illustrations. 160 pp. Demy 8vo. 
1900. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; 
strictly net. 

Contents. 

Chapters I., Colour and Its Production. Light, Colour, Dispersion of White Light,. 
Methods of Producing the Spectrum, Glass Prism and Difi^ction Grating Spectroscopes, The 
Spectrum, Wave Motion of Light, Recomposition of White Light, Hue, Luminosity, Purity 
of Colours, The Polariscope, Phosphorescence, Fluorescence, Interference. — IL, Cause of 
Colour in Coloured Bodies. Transmitted Colours, Absorption Spectra of Colouring 
Matters.— II L, Colour Phenomena and Theories. Mixing Colours, White Light from 
Coloured Lights, Effect of Coloured Light on Colours, Complementary Colours, Young- 
Helmholtz Theory, Brewster Theory, Supplementary Colours, Maxwell's Theory, Colour 
Photography.— IV., The Physiology of Light. Structure of the Eye, Persistence of Vision,. 
Subjective Colour Phenomena, Colour Blmdness. — V., Contrast. Contrast, Simultaneous 
Contrast, Successive Contrast, Contrast of Tone, Contrast of Colours, Modification of Colours 
by Contrast, Colour Contrast in Decorative Design. — VI., Colour in Decoration and 
Design. Colour Harmonies, Colour Equivalents, Illumination and Colour, Colour and 
Textile Fabrics, Surface Structure and Colour. — VII., Measurement of Colour. Colour 
Patch Method, The Tintometer, Chromometer. 

Press Opinions. 

" This useful little book possesses considerable merit." — Birmingham Post. 

" It will be found to be of direct service to the majority of dyers, calico printers and colour 
mixers, to whom we confidently recommend it." — Chemical Trade Journal. 

" It is thoroughly practical, and gives in simple language the why and wherefore of the many 
colour phenomena which perplex the dyer and the colourist." — Dyer and Calico Printer. 

TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 

Materials and the Technology of the Spinning Process.) Text-book for 
Textile, Trade and Higher Technical Schools. By Julius Zipser. 
Translated from German by Charles Salter. 302 Illustrations. 
480 pp. Demy 8vo. 1901. Price 10s. 6d. ; India and Colonies, lis.; 
Other Countries, 12s. ; strictly net. 

Contents. 

Introduction. 

PART I.— The Raw Materials Used in the Textile Industry. 

GROUP I. Mineral Raw Materials. Asbestos— Glass— Metals. 

GROUP II. Vegetable Raw Materials. Seed Fibres — Cotton — Bombax Wool — 
Asclepias Wool — Poplar, Cotton Grass and Bulrush Wool — Stem Fibres — Flax— Hemp— Jute 
— Nettle Fibres — Sunn Hemp — Leaf Fibres — New Zealand Hemp — Manila Hemp— Stsal and 
Domingo Hemp — Aloe Fibre — Pineapple Fibre — Vegetable Wool — Fruit Fibres — Cocoanut 
Fibre — Other Vegetable Raw Materials employed in Weaving — Straw — Wood — Cane — 
Caoutchouc. 

GROUP III. Animal Raw Materials. Animal Wool and Hair — Sheep's Wool — Goat 
Wool — Camel Wool — Llama and similar Wools — Cow Hair — Poodle Hair — Hare, Rabbit, Cat 
and Beaver Fur — Horse Hair — Bristles — Silk — Natural Silk — Artificial Silk — Byssus Silk — 
Detection and Estimation of Textile Raw Materials in Yams and Fabrics— Characteristics of 
Mineral Raw Materials — Detecting and Methods of separating V^etable and Animal Raw 
Materials in general — The Combustion Test—The Mandarin Test— The Picric Acid Test — The 
Sulphuric Acid Test — The Alkali Test — Differentiation of Animal and Vegetable Fibres in 
detail — Characteristics of Cotton — Characteristics of Flax — Characteristics or Sheep's Wool — 
Characteristics of True Silk — Characteristics of Artificial Silk — Determining the Constituents of 
Textile Fabrics — The Detection of Cotton in Linen Fabrics — The Detection of Cotton in 
Woollen Fabrics— The Detection of Cotton in Silk Fabrics— The Detection of Wool in Silk 
Fabrics— The Detection of Wild Silk in True Silk Fabrics— The Detection of Artificial Silk in 
Silk Fabrics— The Detection of Byssus Silk in Silk Fabrics. 

PART II.— The Technologry of Spinning or the Conversion of Textile Raw 

Materials into Yam. 

Spinning — Sequence of Operations in Spinning — General Observations on the Machinery 
and Process of Spinning — Fine Spinning Machines — Requisite Properties for a Well-spun 
Thread. 

GENERAL REVIEW OF THE VARIOUS BRANCHES OF 
THE SPINNING PROCESS. 

GROUP I. Spinning Vegetable Raw Materials. Cotton Spinning — Preparatory 
Processes — Mixing — Opening and Cleaning — Carding — Combing — Drawing and Doubling^ — 
Roving — Roving Frames producing a Permanent Twist — Machines producing Temporary Twist 
— Fine Spinning — The Throstle or Water Frame — The Mule Frame — Supplementary Treatment : 
Finishing — Finishing Processes producing no change in the Character or the Yam — Converting 
Yarns into New Forms — Additional Finishing Processes — Packing — Installation of a Cotton 
Mill — Humidifiers — Spinning Waste Cotton and Waste Cotton Yams — Preliminary Operations 
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— Carding — Slubbing — Fine Spinning — Supplementary and Finishing Operations — Flax Spin> 
ning — Preparatory Treatment — Gilling — Doubling and Drawing — Roving — The Roving Frame 
— Fine Spmning — Supplemental^ Treatment — Operations leaving the Yam unchanged — Opera- 
tions for producing New Combinations of Threads — Packing — Tow Spinning — Preparatory- 
Treatment — Roving — Fine Spinning — Hemp Spinning — Spinning Hackled or Line Hemp- 
Spinning Hemp Tow String— Jute Spinning — Spinning Jute Line Yam — Spinning Jute Tow 
Yarns — Supplementary Treatment — The Production or Mixed Yarns — Utilising Jute Waste. 

PART 111.— Sjpinninir Animal Raw Materials. 

Spinning Carded Woollen Yarn — Preparatory Treatment — Scouring, Washing and Rinsing. 
— Draining and Drying the Wool — Burr Extraction^)pening and Willowing — Oiling the Wool 
— Carding— Condensing — Belt Condensers — Steel Band Condenser — Fine Spinning — The Mule 
— The Throstle Frame — Supplementary Treatment — Supplementary Treatment leaving the 
Yarn unaltered — Treatment with a view to producing Novel EfFiects — Finishing Yarn — Packing. 
Yarn — Worsted Spinning — Manufacture of True Worsted Yarn — Preliminary Treatment — 
Sorting — Steeping, Washing and Rinsing — Drying — Oiling — Carding — Gilling — Combing — 
Drawing — Smoothing — Drawing and Slubbmg — Roving — Fine Spinning — The Worsted Mule 
Frame — Worsted Throstle Frames — Supplementary Treatment — Processes leaving the Yara 
unchanged — Producing New Types of Yam — Finishing Worsted Yam — Packing — Semi- 
Worsted Yams — Artificial Wool or Shoddy Spinning — Shoddy and Mungo Manuracture— 
Cleaning the Rags — Sorting the Rags — ^Trimming the Rags — Scouring — Disintegration — 
Extract Wool — Shaking — Scouring — Carbonising — Disint^ration — Spinning ShocMy and 
other Wool Substitutes — Spinning Waste Silk— Chappe Silk — Preliminary Treatment — Sorting. 
— Steeping — Maceration — Scouring and Beetling — Drying — Sprinklin^t—Beating — Opening — 
Dressing — Spreading — Doubling and Drawing — Slubbing and Roving — Fine Spinning — Supple- 
mentary Operations — Operations leaving the Yarn unaltered — Producing New Forms of Yam 
— Finishing off Chappe Silk — Packing — Bourette Spinning. — Index. 

DYERS' MATERIALS : An Introduction to the Examination, 
Evaluation and Application of the most important Substances used in 
Dyeing, Printing, Bleaching and Finishing. By Paul Heerman, Ph.D^ 
Translated from the German by Arthur C. Wright, M.A. (Oxon.), 
B.Sc. (Lond.). With Two Plates, containing Twenty-four Illustrations. 
Crown 8vo. 150 pp. 1901. Price 5s. ; India and Colonies, 5s. 6d. ; 
Other Countries, 68 ; strictly net. 

Contents. 

Chapter I., General : Table I., Indicators — Standard Solutions. — Table II., Solutions and 
Reagents in General Use. — Chapter II., Primary Materials : Water — Textile Fibres. Chapter 
HI., Inoi^anic Materials : Hydrochloric Acid — Chlorides of Sodium, Magnesium, Ammonium^ 
Barium, Zinc, Copper, Manganese and Aluminium, Stannous Chloride, Stannic Chloride, 
Tin Spirits, Chromium Chloride — Fluorides and BiftuorideSt Alkaline Bifluorides, Chromium 
Fluoride, Chromium Oxyfluoride, Copper Fluoride, Antimony Fluoride, Aniline Hydrofluoride,. 
Antimony Fluoride, Double Salts — Sulphuric Acid, Fuming or Nordhausen Sulphuric Acid — 
Sulphates, Sodium Sulphate, Sodium Bisulphate, Calcium Sulphate, Magnesium Sulphate,. 
Lead Sulphate, Ferrous Sulphate, Aluminium Sulphate, Ferric Sulphate, Copper Sulphate, 
Alums — Nitric A cid and Nitrates : Nitric Acid, Sodium, Silver, Lead, Ferrous, Ferric and 
Rarer Nitrates — Chlorine-Oxygen Compounds : Bleaching Powder, Alkaline Hypochlorites*, 
other Hypochlorites, Potassium, Sodium, Aluminium, Chromium and Aniline Chlorates — 
Sulphite Compounds : Sulphurous Acid, Sulphites, Sodium Bisulphite, Hydro- or Hypo- 
sulphurous Acid, Hydro- or Hyposulphites, Sodium Thiosulphate — Miscellaneous Compounds : 
Sodium Nitrite, Sodium Phosphate, Water-glass, Sodium Arsenate, Sodium Tungstate, 
Sodium Stannate, Sodium Aluminate, Borax, Potassium Pecmanganate, Potassium Bichro- 
mate, Sodium Bichromate. Vanadates — Alkalies : Ammonia, Ammonium Salts, Caustic Soda, 
Caustic Potash, Sodium Carbonate, Calcium Carbonate — Peroxides : Hydrogen Peroxide,. 
Barium Peroxide, Sodium Peroxide — Zinc Dust. — Chapter IV., Organic Compounds: Fatty 
Acids and Their Salts — ^Acetic Acid, Acetates, Ferrous Acetate, Oxalic Acid and Oxalates, 
Tartaric Acid, Tartar, Tartar Emetic, Citric Acid, Lactic Acid — Cyanogen Compounds : Sulpho- 
cyanides. Potassium Ferrocyanide, Potassium Ferricyanide — Derivatives of the Fats : Soap, 
"Boiled-off Liquor," Turkey Red Oil — Tannim— Aniline and Analine Salts— Thickening and' 
Stiffening Materials : Starch, Prepared and Soluble Starch, Dextrine, Gum Arabic, Gum 
Senegal, Gum Tragacanth, Glue, Size—Dyex. -Appendix : Atomic Weights of the Elements — 
Molecular Weights of Certain Compound* -<>rflvlmctric Equivalents — Volumetric Equi- 
valents. — Plate 1., Microscopic Appeanincc of the Textile Fibres (11 Illustrations). — Plate II.,. 
Microscopic Appearance of the Different Varieties of Starch (13 Illustrations). — Index. 

Premm Opinions. 

'*To those engaged in any branches of dveing, printing, bleaching and finishing it ought to 
prove a valuable addition to existing workB.'— Textile Industries. 
" Cannot fail to be of the greatest value." — Huddersfield Examiner. 

THE COLOUR PRINTING OF CARPET YARNS. A 

Useful Manual for Colour Chemists and Textile Printers. By Davii> 
Paterson, F.C.S. Seventeen Illustrations. 132 pp. DemySvo. 1900. 
Price 78. 6d. ; India and Colonies, Ss. Other Countries, 8s. 6d. ; strictly, 
net. 
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Contents. 

Chapters I., Structure and Constitution of Wool Fibre. — II., Yarn Scouring. — III., Scouring 
Materials. — IV., Water for Scouring. — V., Bleaching Carpet Yarns. — VI., Colour Making for 
"Yam Printing. — VII., Colour Printing Pastes. — VIII., Colour Recipes for Yarn Printing.— 
IX., Science of Colour Mixing.— X., Matching of Colours.— XI., "Hank" Printing.— XII., 
Printing Tapestry Carpet Yarns. — XIII., Yarn Printing. — XIV., Steaming Printed Yarns. — 
XV., Washing of Steamed Yarns. — XVI., Aniline Colours Suitable for Yarn Printing. — XVII., 
•Glossary of I>yes and Dye-wares used in Wood Yarn Printing. — Appendix. 

Press Opinions. 

"The book is worthy the attention of the trade." — Worcester Herald. 

" The treatise is arranged with great care, and follows the processes described in a manner 
jit once clear and convincmg." — Glasgow Record. 

"A most useful manual dealing in an intelligible and interesting manner with the colour 
printing of carpet yarns." — Kidderminster Times. 

" The author has evidently strained every effort in order to make his work the standard guide 
of its class." — Leicester Post. 

" The book, which is admirably printed and illustrated, should fulfil the need of a practical 
^uide in the colour printing of carpet yarns. — Nottingham Express. 

"The subject is very exhaustively treated in all its branches. . . ." — Northern Whig. 

" It gives an account of its subject which is both valuable and instructive." — Scotsman. 

"The work shows a thorough grasp of the leading characteristics. as well as the minutae of 
the industry, and gives a lucid description of its chief departments. ... As a text-book in 
technical schools where this branch of industrial education is taught, the book is valuable." — 
Dundee Courier. 

" The book bears every mark of an extensive practical knowledge of the subject in all its 
bearings, and supplies a real want in technical literature." — Dyer and Calico Printer. 

" It is thoroughly practical, and contains much information which has not hitherto appeared 
-in book form."— Journal of the Society of Dyers and Colourists.'^ W" .^^^ 



A PRACTICALITREATISE ON THE BLEACHING OF 
LINEN AND COTTON YARN AND FABRICS. By 

L. Tailfer, Chemical and Mechanical Engineer. Translated from the 
French by John Geddes McIntosh, Lecturer on Chemical Technology, 
London. Demy 8vo. 303 pp. Twenty lUusts. 1901. Price 12s. 6d. ; 
India and Colonies, 13s. 6d. ; Other Countries, 15s. ; strictly net. 

Contents. 

Chapter I. General Considerations on Bleaching. Chapter II. Steeping. Chapter III. 
Washing: Its End and Importance — Roller Washing Machines — Wash Wheel (Dash Wheel) — 
Stocks or Wash Mill — Squeezing. Chapter IV. Lye Boiling — Lye Boiling with Milk of Lime 
— Lye Boiling with Soda Lyes — Description of Lye Boiling Keirs — Operations of Lye Boiling 
— Concentration of Lyes. Chapter V. Mather and Piatt's Keir — I>escription of the Keir — 
"Saturation of the Fabrics — Alkali used in Lye Boiling — Examples of Processes. Chapter VI. 
Soap — Action of Soap in Bleaching — Quality and Quantity of Soaps to use in the Lye — Soap 
Lyes or Scalds — Soap Scouring Stocks. Chapter VII. Bleaching on Grass or on the Bleach- 
ing Green or Lawn. Chapter VIII. Chemicking — Remarks on Chlorides and their De- 
•colourisin^ Action — Chemicking Cisterns — Chemicking — Strengths, etc. Chapter IX. Sours 
— Properties 'of the Acids — Effects Produced by Acids — Souring Cisterns. Chapter X. 
Drying — Drying by Steam — Drying by Hot Air — Drying by Air. Chapter XI. Damages to 
Fabrics in Bleachmg — Yarn Mildew — Fermentation — Iron Rust Spots — Spots from Contact 
with Wood — Spots incurred on the Bleaching Green — Damages arising from the Machines. 
•Chapter XII. Examples of Methods used in Bleaching — Linen — Cotton. Chapter XIII. The 
Valuation of Caustic and Carbonated Alkali (Soda) and General Information Regarding these 
Bodies — Object of Alkalimetry — Titration of Carbonate of Soda — Comparative Table of 
Different Degrees of Alkalimetrical Strength — Five Problems relative to Carbonate of Soda 
— Caustic Soda, its Properties and Uses — Mixtures of Carbonated and Caustic Alkali — Note 
on a Process of Manufacturing Caustic Soda and Mixtures of Caustic and Carbonated Alkali 
Soda). Chapter XIV. Chlorometry — Titration — Wagner's Chlorometric Method — Prepara- 
tion of Standard Solutions — Apparatus for Chlorine Valuation — Alkali in Excess in De- 
colourising Chlorides. Chapter XV. Chlorine and Decolourising Chlorides — Synopsis — 
Chlorine — Chloride of Lime — Hypochlorite of Soda — Brochoki's Chlorozone — ^Various De- 
colourising Hypochlorites — Comparison of Chloride of Lime and Hypochlorite of Soda 
•Chapter XVI. Water — Qualities of Water — Hardness — Dervaux's Purifier — Testing the 
Purified Water— Different Plant for Purification— Filters. Chapter XVII. Bleaching of 
Yarn — ^Weight of Yarn — Lye Boiling — Chemicking — Washing — Bleaching of Cotton Yam. 
Chapter XVIII. The Installation of a Bleach Works— Water Supply— Steam Boilers— Steam 
Distribution Pipes — Engines — Keirs — Washing Machines — Stocks — Wash Wheels — Chemick- 
ing and Souring Cisterns — ^Various — Buildings. Chapter XIX. Addenda — Energy of De- 
colourising Chlorides and Bleaching by Electricity and Ozone — Energy of Decolourising 
Chlorides — Chlorides — Production or Chlorine and Hypochlorites by Electrolysis — Lunge's 
Process for increasing the intensity of the Bleaching Power of Chloride of Lime — ^Trilfer's 
Process for Removing the Excess of Lime or Soda from Decolourising Chlorides — Bleaching 
6y Ozone. 
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THE SCIENCE OF COLOUR MIXING. A Manual in- 

tended for the use of Dyers, Calico Printers and Colour Chemists. By 
David Paterson, F.C.S. Forty-one Illustrations, Five Coloured PlatOS, 

and Four Plates showingr Eleven Dyed Specimens of Fabrics. 13^ 

pp. Demy 8vo. 1900. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Colour a Sensation; Colours of Illuminated Bodies; Colours of Opaque and 
Transparent Bodies; Surface Colour. — II., Analysis of Light; Spectrum; Homogeneous- 
Colours; Ready Method of Obtaining a Spectrum.— III., Examination of Solar Spectrum; 
The Spectroscope and Its Construction ; Colourists' Use of the Spectroscope. — IV.. Colour by 
Absorption ; Solutions and Dyed Fabrics ; Dichroic Coloured Fabrics in Gaslight.— V., Colour 
Primaries of the Scientist versus the Dyer and Artist ; Colour Mixing by Rotation and Lye 
Dyeing; Hue, Purity, Brightness; Tints; Shades, Scales, Tones, Sad and Sombre Colours.— 
Vl., Colour Mixing ; Pure and Impure Greens, Orange and Violets; Large Variety of Shades 
from few Colours; Consideration of the Practical Primaries: Red, Yellow and Blue. — ^VII.,. 
Secondary Colours ; Nomenclature of Violet and Purple Group ; Tints and Shades of Violet ; 
Changes in Artificial Light. — VIII., Tertiary Shades; Broken Hues; Absorption Spectra of 
Tertiary Shades. — Appendix : Four Plates with Dyed Specimens Illustrating Text. — Index. 

Press Opinions. 

" The work has evidently been prepared with great care." — Halifax Courier. 

" The volume, which is clearly and popularly written, should prove of the utmost service to 
all who are concerned with the practical use of colours, whether as dyers or painters." — 
Scotsman. 

" We have no hesitation in advising the purchase of the present volume by dyers and calico^ 
printers, as containing a mass of most useful information at a nominal price." — Irish Textile 
Journal. 

"Mr. Paterson's work . . . will be found exceedingly helpful, not only to the practical 
colourist, but also to students in our textile colleges, by forming a useful complement to- 
their class lectures." — Wakefield Express. 

"... The author is a dyer, and in his concluding chapters keeps well before him the 
special wants and requirements of dyers. He writes pleasantly and lucidly, and there is no 
difficulty in following him, although nere and there a lapse into ambiguousness occurs." — 
Textile Mercury. 

COLOUR MATCHING ON TEXTILES. A Manual in- 
tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Paterson, F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens of Dyed 
Fabrics Illustrating Text. Demy 8vo. 132 pp. 1901. Price 7s. 6d. ;. 
India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Colour Vision and Structure of the Eye — Perception of Colour — Primary 
and Complementary Colour Sensations. — II., Daylight for Colour Matching — Selection of a 
Good Pure Light— Diffused Daylight, Direct Sunlight, Blue Skylight. Variability of Daylight^ 
etc., etc. — III., Matching of Hues — Purity and Luminosity of Colours — Matching Bright Hues 
— Aid of Tinted Films — Matching Difficulties Arising from Contrast. — IV., Examination oT 
Colours by Reflected and Transmitted Lights — Effect of Lustre and Transparency of Fibres 
in Colour Matching. — V., Matching of Colours on Velvet Pile — Optical Properties of Dye- 
stuffs, Dichroism, Fluorescence. — VI., Use of Tinted Mediums — Orange Film — Defects of the 
Eye — Yellowing of the Lens — Colour Blindness, etc. — VII., Matching of Dyed Silk Trimmings 
and Linings and Bindings — Its Difficulties — Behaviour of Shades in Artificial Light — Colour 
Matching of Old Fabrics, etc. — VIII., Examination of Dyed Colours under the Artificial Lights 
— Electric Arc, Magnesium and Dufton, Gardner Lights, Welsbach, Acetylene, etc. — Testing 
Qualities of an Illuminant. — IX., Influence of the Absorption Spectrum in Changes of Hue 
under the Artificial Lights — Study of the Causes of Abnormal Modifications of Hue, etc. 

Press Opinions. 

" It should form a part of the library of every dyer and colourist in the United Kingdom 
and indeed of every English-speaking country." — Dyer and Calico Printer. 

" We recommend it to every one who has anything to do with colour matching, even tO" 
merchants dealing in colouring goods." — Indian Textile Journal. 

Reissue of 
THE ART OF DYEING WOOL, SILK AND COTTON. 

Translated from the French of M. Hellot, M. Macquer and M. lb. 
PiLEUR D'Apligny. First Published in English in 1789. Six Plates. 
Demy 8vo. 446 pp. 1901. Price 5s. ; India and Colonies, 5s. 6d. v 
Other Countries, 6s. ; strictly net. 
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Contents. 
Part I., The Art of Dyelnsr Wool and Woollen Cloth, Stuffs, Yarn, Worsted, etc. 
Part II., The Art of DyeinfiT Silk. 

Part III., The Art of Dyeinflr Cotton and Linen Thread, tosrether with the Method 
<of Stampingr 3Uk8, Cottons, etc. 

Press Opinions. 

" The book has been produced in excellent style and should be of great assistance to dyers." 
— Drapers' Record. 

" Its reissue cannot fail to be of deep interest to all engaged in textile manufacture." — 
limcclesfield Courier. 

THE DYEING OF COTTON FABRICS: A Practical 
HandtK)ok for the Dyer and Student. By Franklin Beech, Practical 
Colourist and Chemist. 272 pp. Forty-four Illustrations of Bleaching 
and Dyeing Machinery. Demy 8vo. 1901. Price 7s. 6d. ; India 
and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters I., Structure and Chemistry of the Cotton Fibre. — II., Scouring and Bleaching of 
Cotton. — III., Dyeing Machinery and Dyeing Manipulations. — IV., Principals and Practice of 
•Cotton Dyeing — 1, Direct Dyeing; 2, Direct Dyeing followed by Fixation with Metallic Salts; 
-3, Direct Dyeing followed by Fixation with Developers ; 4, Direct Dyeing followed by Fixation 
with Couplers ; 5, Dyeing on Tannic Mordant ; 6, Dyeing on Metallic Mordant ; 7, Production 
of Colour Direct upon Cotton Fibres ; 8. Dyeing Cotton by impregnation with Dye-stuff Solu- 
tion.— V., Dyeing Union (Mixed Cotton and Wool) Fabrics,— VI., Dyeing Half Silk (Cotton- 
Silk, Satin) Fabrics. — VII., Operations following Dyeing— Washing, Soaping, Drying. — VIII., 
Testing of the Colour of Dyed Fabrics. — IX., Experimental Dyeing and Comparative Dye 
Testing. — Index. 

The book contains numerous recipes for the production on Cotton Fabrics of all kinds of a 
^reat range of colours, thus making it of great service in the Dyehouse, while to the Student it 
IS of value in that the scientific principles which underlie the operations of dyeing are clearly 
ilaid down. 

THE DYEING OF WOOLLEN FABRICS. By Franklin 

Beech, Practical Colourist and Chemist. Thirtv-three Illustrations. 
Demy 8vo. 228 pp. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; 
Other Countries, 8s. 6d. net. 

Contents. 

Chapters I., The Wool Fibre — Structure, Composition and Properties. — II., Processes Pre- 
paratory to Dyeing — Scouring and Bleaching of Wool. — III., Dyeing Machinery and Dyeing 
Manipulations — Loose Wool Dyeing, Yarn Dyeing and Piece Dyeing Machinery. — IV., The 
Principles and Practice of Wool Dyeing — Properties of Wool Dyeing — Methods of Wool 
Dyeing — Groups of Dyes — Dyeing with the Direct Dyes — Dyeing with Basic Dyes — Dyeing 
with Acid Dyes — Dyeing with Mordant Dyes — Level Dyeing— Blacks on Wool — Reds on Wool 
— Mordanting of Wool — Orange Shades on Wool — Yellow Shades on Wool — Green Shades on 
Wool — Blue Shades on Wool — Violet Shades on Wool — Brown Shades on Wool — Mode 
•Colours on Wool — V., Dyeing Union (Mixed Cotton Wool) Fabrics. — VI., Dyeing of Gloria. 
— VII., Operations following Dyeing — Washing, Soaping, Drying. — VIII., Experimental Dyeing 
■and Comparative Dye Testing. — IX., Testing of the Colour or Dyed Fabrics. — Index.] 

COTTON SPINNING (First Year). By Thomas Thornley, 

Spinning Master, Bolton Technical School. 160 pp. Eighty-four Illus- 
trations. Crown 8vo. 1901. Price 3s. ; Abroad, 3s. 6d. ; strictly net. 

Contents. 

Syllabus and Examination Papers of the City and Guilds of London Institute. — Chapters 
I., Cultivation, Classification, Ginning, Baling and Mixing of the Raw Cotton. — II., Bale- 
breakers, Mixing Lattices and Hopper Feeders. — III,, Opening and Scutching. — IV., Carding. 
— Index to Illustrations.^<}eneral Index. 



COTTON SPINNING (Intermediate, or Second Year). By 
Thomas Thornley. 180 pp. Seventy Illustrations. Crown 8vo. 1901. 
Price 5s. ; India and British Colonies, 5s. 6d. ; Other Countries, 6s. ; 
strictly net. 

Contents. 

Syllabuses and Examination Papers of the City and Guilds of London Institute. — Chapters 
I., The Combing Process. — II., The Drawing Frame. — III., Bobbin and Fly Frames. — IV., Mule 
Spinning. — V., Ring Spinning. — Index to Illustrations. — General Index. 
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COTTON SPINNING (Honours, or Third Year). By Thomas 

Thornley. 216 pp. Seventy-four Illustrations. Crown 8vo. 1901. 
Price 58. ; India and British Colonies, Ss. 6d. ; Other Countries, 6s. ; 
strictly net. 

Contents. 

Syllabuses and Examination Pa^rs of the City and Guilds of London Institute. — Chapters. 
I., Cotton.— II., The Practical Manipulation of Cotton Spinning Machinery. — III., Doubling, 
and Winding. — IV., Reeling. — V., Warping. — VI., Production and Costs. — VII., Main Driving* 
— VIII., Arrangement of Machinery and Mill Planning. — IX., Waste and Waste Spinning.r- 
Index to Illustrations. — General Index. 

Opinions of Spinning Teachers. 

**The work (Vol. I.) contains a large amount of valuable information." — Mr. Jas. Tasher^ 
Preston. 

"They are certainly the best published on the subject." — Mr. John Kerfoot, Leigh. 

"Admirably fulfils the object m view, viz., a concise guide to the students preparing for the 
City and Guilds Examination Course." — Mr. Jas. W. Lomax, Bolton. 

" I have carefully read the book, and do not hesitate in saying that I consider it will un- 
doubtedly be a boon to cotton spinning students for three, among other, reasons: (1) The 
store of information on different makers' machines ; (2) it shows the student how he should 
consider the questions proposed at the examinations ; and (3) the methods he should adopt if» 
answering same." — Samuel Ward, Teacher in Cotton Spinning, Glossop and Openshaw. 

COTTON COMBING MACHINES. By Thos. Thornley, 

Spinning Master, Technical School, Bolton. Demy 8vo. 117 Illustra- 
tions. 300 pp. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. net. 

Contents. 

Chapters I., The Sliver Lap Machine and the Ribbon Cap Machine. — II., General Description 
of the Heilmann Comber.— III., The Cam Shaft.— IV., On the Detaching and Attaching 
Mechanism of the Comber. — V., Resetting of Combers. — VI., The Erection of a Heilmann 
Comber.— VII., Stop Motions: Various Calculations — VIII., Various Notes and Discussions. — 
IX., Cotton Combing Machines of Continental Make. — Index. 

Books for Mining Engineers 
and Steam Users. 

RECOVERY WORK AFTER PIT FIRES. A Description 

of the Principal Methods Pursued, especially in Fiery Mines, and of 
the Various Appliances Employed, such as Respiratory and Rescue 
Apparatus, Dams, etc. By Robert Lamprecht, Mining Engineer and 
Manager. Translated from the German. Illustrated by Six large 
Plates, containing Seventy-six Illustrations. 175 pp., demy 8vo. 1901. 
Price 10s. 6d. ; India and Colonies, lis.; Other Countries, 12s.; 
strictly net. 

Contents. 

Preface. — I., Causes of Pit Fires : 1, Fires Resulting from the Spontaneous Ignition of 
Coal; 2, Fires Caused by Burning Timber; 3, Fires Caused by Fire-damp Explosions. — II., 
Preventive Reffuiations : 1, The Outbreak and Rapid Extension of a Shaft Fire can be 
most reliably prevented by Employing little or no Combustible Material in the Construction of 
the Shaft ; 2, Precautions for Rapidly Localising an Outbreak of Fire in the Shaft ; 3, Pre- 
3autions to be Adopted in case those under 1 and 2 Fail or Prove Inefficient Precautions 
against Spontaneous Ignition of Coal. Precautions for Preventing Explosions of Fire-damp 
and Coal Dust. Employment of Electricitv in Mining, particularlv in Fiery Pits. Experiments 
on the Ignition of Fire-damp Mixtures and Clouds of Coal Dust by Electricity. — III., Indica- 
tions of an Existinsr or Incipient Fire.— IV., Appliances for Working in Irrespirable 
Oases : 1, Respiratory Apparatus; 2, Apparatus with Air Supply Pipes, (a) The Bremen Smoke 
Helmet, (6) The MiJller Smoke Helmet, (c) The Stolz Rescue Mask; 8, Reservoir Apparatus; 
4, Oxygen Apparatus. The Schwann Respiratory Apparatus. The Pleuss Respiratory Ap- 
paratus. The Improved Walcher-Oartner Pneumatoptior, (a) The Single Bottle Apparatus* 
instructions for Using the Pneumatophor, Taking to Pieces and Resetting the Apparatus 
ready for Use ; (6) Two Bottle Apparatus (Shamrock Type). The Neupert Rescue Apparatus 
(The Mayer-Pilar System).— V. Extingruishinff Pit Fires : (a) Chemical Means; (6) Extinction 
with Water. Dragging down the Burning Aiasses and Packing with Clay; (r) Insulating the 
Seat of the Fire by Dams. Dam Building. Dam Work in the Fiery Pits of Southern Hungary : 
<a) Cross-dams of Clay ; (6) Masonry Dams, Gallery Linings. Wagner's Portable Safety Dam. 
Analyses of Fire Gases. Isolating the Seat of a Fire with Dams: Working in Irrespirable 
Gases ("Gas-diving ") : 1, Air^Lock Work (Horizontal Advance) on the Mayer S^tem as Pur- 
sued at Karwin in 1894 ; 2, Air-Lock Work (Horizontal Advance) by the Mauerhofer Modified 
System. Vertical Advance. Mayer System. Complete Isolation of the Pit. Flooding a 
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Burning Section isolated by means of Dams. Wooden Dams: (a) Upright Balk Dams; (6) 
Horizontal Balk Dams ; (c) Wedge Dams, Masonry Dams. Examples of Cylindrical and Dome- 
-shaped Dams. Dam E>oors: Flooding the Whole Pit. — VI., Rescue Stations: (a) Stations 
■above Ground ; (6) Underground Rescue Stations.— VII., Spontaneous Ignition of Coal In 
Bulk.— Index. 

Illustrations. 
Sheet I., Respiratory and Rescue Appliances— Precautions a^nst Fire. Sheet 
II., Respiratory and Rescue Apparatus. Sheet III., Respiratory and Rescue \pm 
paratus— Stretchers. Sheet I v.. Dams. Sheet V., Signalling Appliances— Dam 
Construction— Cable Layingr. Sheet VI., Working with Divinsr uear in Irrespirable 
Oases— Gallery Work. Sheet VII., Working with Diving Gear In Irrespirable Oases 
(Mayer System)— Appliances in the Shaft. 

Press Opinions. 

" A work of this extremely valuable character deserves to be made widely known amongst 
colliery managers and mining engineers at home and abroad." — Coal and Iron. 

"This book is, in a manner, unique. The literature of mining accidents is fairly extensive, 
•but it consists largely of departmental Blue Books."— Sheffield Daily Telegraph. 

"A' concise and lucid description of the principal methods pursued, especially in fiery 
•mines, and of the various appliances employed, such as respiratory and rescue apparatus, 
•dams, etc." — Staffs Advertiser, 

"The prevention of spontaneous combustion in collieries and the extinction of undei^round 
fires are duties that fall heavily on many colliery managers. They should, therefore, welcome 
this translation of Mr. Lamprecht's German treatise." — Ironmonger. 

THE PREVENTION OF SMOKE. Combined with the 

Economical Combustion of Fuel. By W. C. Popplewell, M.Sc, 
A.M.Inst., C.E., Consulting Engineer. Forty-six Illustrations. 190 pp. 
1901. Demy 8vo. Price 7s. 6d. ; India and Colonies, 8s.; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Introductory. — Chapters I., Fuel and Combustion. — II., Hand Firing in Boiler Furnaces. — 
III., Stoking by Mechanical Means. — IV., Powdered Fuel. — V., Gaseous Fuel. — VI., Efiiciency 
and Smoke Tests of Boilers.— VII., Some Standard Smoke Trials. — VIII., The L^al Aspect 
of the Smoke Question. — IX., The Best Means to be adopted for the Prevention of Smoke. — 
Index. 

Press Opinions. 

"Everybody interested in smoke prevention will derive the greatest benefit from Mr. 
Popplewell's treatise, and will learn much that is new to them." — Public Health Engineer. 

"The Manchester expert who writes this book is thoroughly equipped for the task, and he 
has produced a work which ought to be in the hands of an Sanitary Inspectors and Health 
Committees, and it would be a useful present from manufacturers to stokers, instead of poo- 
-sibly spending the value of the volume in payment of fines." — Sheffield Independent. 

GAS AND COAL DUST FIRING. A Critical Review of 

the Various Appliances Patented in Germany for this purpose since 
1885. By Albert Putsch. 130 pp. Demy 8vo. 1901. Translated 
from the German. With 103 Illustrations. Price 7s. 6d. ; India and 
Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Generators — Generators Employing Steam — Stirring and Feed Regulating Appliances- 
Direct Generators — Burners — Regenerators and Recuperators — Glass Smelting Furnaces- 
Metallurgical Furnaces — Pottery Furnace — Coal Dust Firing. — Index. 

Press Opinions. 

"The work is worthjr of perusal by all consumers of fuel. It is exceedingly well printed 
and illustrated." — Chemical Trade Journal. 

" The book will appeal with force to the manufacturer as well as to the technical student, 
whilst It is also of far more than average interest to the general reader." — Halifax Guardian. 

** The importance that gas and coal dust firing have attained of recent years, and especially 
the great interest attaching of late to the question of coal dust firing, makes the appearance 
of the present volume most opportune." — Iron arid Coal Trades Review. 

Books on Plumbing, Decorating, 
Metal Work, etc., etc. 

JSXTERNAL PLUMBING WORK. A Treatise on Lead 
Work for Roofs. By John W. Hart, R.P.C. 180 Illustrations. 270 
pp. Demy 8vo. Second Edition Revised. 1902. Price 7s. 6d. ; India 
and Colonies, 8s. ; Other Countries, 8s. 6d. strictly net. 



31 
Contents. 

Chapters I., Cast Sheet Lead. — II., Milled Sheet Lead. — III., Root' Cesspools. — IV., Socket 
Pipes. — ^V., Drips. — ^VI., Gutters. — ^VII., Gutters (continued). — VIII., Breaks. — IX., Circular 
Breaks.— X., Flats.— XI., Flats (continued).— XII., Rolls on Flats.— XIII., Roll Ends.— XIV., 
Roll Intersections.— XV., Seam Rolls.— XVI., Seam Rolls (continued).— XVII., Tack Fixings. 
—XVIII., Step Flashings.— XIX., Step Flashings (continued).— XX., Secret Gutters.— XXI.,. 
Soakers. — XXII., Hip and Valley Soakers. — XXIII., Etormer Windows. — XXIV., Dormer 
Windows (continued).— XXV., Dormer Tops.— XXVI., Internal Dormers.— XXVII., Skylights. 
—XXVIII., Hips and Ridging.— XXIX., Hips and Ridging (continued).— XXX., Fixings for 
Hips and Ridging.— XXXI., Ornamental Ridging.— XXXI I. ^ Ornamental Curb Rolls.— XXXIII.,. 
Curb Rolls.— XXXIV., Cornices.— XXXV., Towers and Finials.— XXXVI., Towers and Finials 
(continued).— XXX VI I., Towers and Finials (continued).— XXXVIII., Domes,— XXXIX., Domes 
(continued). — XL., Ornamental Lead Work. — XLI., Rain Water Heads. — XLII., Rain Water 
Heads (continued). — XLI II., Rain Water Heads (continued). 

Press Opinions. 

"This is an eminently practical and well*illustrated volume on the management of external 
lead work."— Birmingham Daily Post. 

*' It is thoroughly practical, containing many valuable hints, and cannot fail to be of great 
benefit to those who have not had large experience." — Sanitary Journal. 

" Works on sanitary plumbing are by no means rare, but treatises dealing with external 
plumbing work are sufficiently scarce to ensure for Mr. Hart's new publication a hearty recep- 
tion." — The Ironmonger. 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 

Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations. 
313 pp. Demy 8vo. 1901. Price 7s. 6d. ; India and Colonies, 8s. ; 
Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Introduction. — C apters I., Pipe Eiending. — II., Pipe Bending (continued). — III., Pipe 
Bending (continued). — IV., Square Pipe tendings. — V., Half-circular Elbows. — VI., Curved 
Bends on Square Pipe. — VII., Bossed Bends. — VIII., Curved Plinth Bends. — IX., Rain-water 
Shoes on Square Pipe. — X,, Curved and Angle Bends. — XI., Square Pipe Fixings. — XII., Joint- 
wiping. — XIII., Substitutes for Wiped Joints. — XIV., Preparing Wiped Joints. — XV., Joint 
Fixings.— XVI., Plumbing Irons.— XVII., Joint Fixings.— XVIII., Use of "Touch" in Solder- 
ing. — XIX., Underhand Joints. — XX., Blown and Copper Bit Joints. — XXI., Branch Joints. — 
XXII., Branch Joints (continued).— XXIII., Block Joints. — XXIV., Block Joints (continued). — 
XXV., Block Fixings,— XXVI., Astragal Joints— Pipe Fixings.— XXVII., Large Branch 
Joints. — XXVIII., Large Underhand Joints. — XXIX., Solders. — XXX., Autogenous Soldering: 
or Lead Burning. — Index. 

Press Opinions. 

" Rich in useful diagrams as well as in hints." — Liverpool Mercury. 

" The papers are eminently practical, and go much farther into the mysteries they describe 
than the title ' Hints ' properly suggests." — Scotsman. 

" The articles are apparently written by a thoroughly practical man. As a practical guide 
the book will doubtless be of much service." — Glasgow Herald. 

" So far as the practical hints in this work are concerned, it will be useful to apprentices and 
students in technical schools, as it deals mainly with the most important or difficult branches- 
of the plumber's craft, i;«z., joint wiping, pipe bending and lead burning. . . . 'Hints' are the 
most useful things to an apprentice, and tnere are many in this work which are not to be found 
in some of the text-books." — English Mechanic. 

"22 Prymb Street, Hull, 24th November^ 1894. 

" Gentlemen, — Your books to hand for which accept my best thanks, also for circulars. I 
myself got one of J. W. Hart's books on Plumbing from vour traveller, and having looked 
through the same I can safely recommend it as bemg the best book I have seen. Mr. J. W. 
Hart treats exhaustively upon soldering and pipe bending, which are two of the most essential 
branches in the plumbing trade." 

THE PRINCIPLES AND PRACTICE OF DIPPING, 
BURNISHING, LACQUERING AND BRONZING 
BRASS WARE. By W. Norman Brown. 35 pp. Crown 

8v0. 1900. Price 2s. ; Abroad, 2s. 6d. ; strictly net. 

Contents. 

Chapters I., Cleansing and Dipping; Boiling up and Cleansing; Dipping.— ^11., Scratch* 
brushing and Burnishing; Polisnmg; Burnishmg. — III., Lacquering; Tools; Lacquers. — 
IV., Bronzing ; Black Bronzing ; Florentine Red Bronzing ; Green Bronzing. — Index. 

Press Opinions. 

** Mr. B'rown is clearly a master of his craft, and has also the immense advantage of being 
able to convey his instructions in a manner at once clear and concise." — Leicester Post. 

**A thoroughly practical little treatise on the subject in all its branches, and one which 
should be in the hands of every tradesman or amateur who has lacquering to do "-^Irish Builder, 
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WORKSHOP WRINKLES for Decorators, Painters, Paper- 
hangers and Others. By W. N. Brown. Crown 8vo. 128 pp. 1901. 
Price 2s. 6d. ; Abroad, 3s. ; strictly net. 

Contents. 

Parts I., Decorating. — II., Painting. — III., Paper-hanging. — IV., Miscellaneous. 
Arranged in alphabetical order. 

Press Opinion. 

" Decorators, painters and amateurs will find this a comprehensive work of reference on 
nearly every subject they are in need of.' — Building News. 

HOUSE DECORATING AND PAINTING. By W. 

Norman Brown. Eighty -eight Illustrations. 150 pp. Crown Bvo. 

1900. Price 3s. 6d. ; India and Colonies, 4s. ; Other Countries, 4s. 6d. 
strictly net. Contents. 

Chapters I., Tools and Appliances. — II., Colours and Their Harmony.— III., Pigments and 
Media. — IV., Pigments and Media. — ^V., Pigments and Media. — VI., Pigments and Medja. — 
VII., Preparation of V^ork, etc. — VIII., Application of Ordinary Colour. — IX., Graining. — 
X., Graining.— XI., Graining.— XII., Gilding.— XIII., Writing and Lettering.— XIV., Sign 
Painting. — XV., Internal Decoration. — Index. 

Press Opinion. 

" The author is evidently very thoroughly at home in regard to the technical subjects he has 
set himself to elucidate, from the mechanical rather than the artistic point of view, although 
the matter of correctness of taste is by no means ignored. Mr. Brown's style is directness 
itself, and there is no tyro in the painting trade, however mentally ungifted, who could fail to 
carry away a clearer grasp of the details of the subject after going over the performance."— 
Buiiding Industries, 

A HISTORY OP DECORATIVE ART. By W. Norman 

Brown. Thirty-nine Illustrations. 96 pp. Crown fevo. 1900. Price 
2s. 6d. ; Abroad, 3s. ; strictly net. 

Contents. 

Chapters I., Primitive and Prenistoric Art. — II., Egyptian Art. — III., Assyrian Art. — IV., 
The Art of Asia Minor.— V., Etruscan Art.— VI., Greek Art.— VII., Roman Art.— VIII., 
Byzantine Art. — IX., Lombard or Romanesque Art. — X., Gothic Art.— XI., Renaissance Art.— 
XII., The Victorian Period.— Index. 

Press Opinion. 

** In the course of a hundred pages with some forty illustrations Mr. Brown gives a very 
interesting and comprehensive survey of the progress and development of decorative art. It 
cannot, of course, be pretended that in the limited space named the subject is treated ex- 
haustively and in full detail, but it is sufficiently complete to satisfy any ordinary reader ; 
indeed, for general purposes, it is, perhaps, more acceptable than a more elaborate treatise." — 
Midland Counties Herald. 

A HANDBOOK ON JAPANNING AND ENAMELLING 
FOR CYCLES, BEDSTEADS, TINWARE, ETC. By 

William Norman Brown. 52 pp. and Illustrations. Crown 8vo. 

1901. Price 2s. ; Abroad, 2s. 6d. ; net. 

Contents. 

A Few Words on Enamelling — Appliances and Apparatus— Japans or Enamels — ^To Test 
Enamel for Lead — Japanning or Enamelling Metals — Japanning Tin, such as Tea Trays, and 
•similar Goods — Enamelling Old Work — Enamel for Cast Iron — Enamel for Copper Cooking 
Utensils — ^The Enamelling Stove— Enamelling Bedsteads, Frames and similar large pieces — 
Paints and Varnishes for Metallic Surfaces — Varnishes for Ironwork — Blacking for Iron — 
Processes for Tin Plating — Galvanising — Metal Polishes — Colours for Polish^ Brass— A 
Golden Varnish for Metal — Painting on Zinc — Carriage Varnish — Japanese Varnish and its 
Application. — Index 

THE PRINCIPLES OP HOT WATER SUPPLY. By 

John W. Hart, R.P.C. With 129 Illustrations. 1900. 177 pp., demy 
8vo. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, Ss. 6d. ; 
strictly net. 

Contents. 

Chapters I., Water Circulation.— II., The Tank System.- III., Pipes and Joints.— IV., The 
Cylinder S^tem.— V., Boilers for the Cylinder System.— VI., The Cylinder System.— VII., The 
•Combined Tank and Cylinder Svstem. — ^VIII., Combined Independent and Kitchen Boiler.— 
.IX., Combined Cylinder and Tank System with Duplicate Boilers. — X., Indirect Heating and 
Boiler Explosions.— XI., Pipe Boilers.— XII., Safety Valve8.—XIII., Safety Valve8.—XI V., The 
American System.— XV., Heating Water by Steam.— XVI., Steam Kettles and Jets.— XVII.. 
;Heating Power of Steam.- XVIII., Covering for Hot Water Pipes.— Index. 
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Brewing and Botanicals. 

HOPS IN THEIR BOTANICAL, AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN ARTICLE 
OF COMMERCE. By Emmanuel Gross, Professor at 

the Higher Agricultural College, Tetschen-Liebwerd. Translated 
from the German. Seventy-eight Illustrations. 1900. 340 pp. Demy 
8vo. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other Countries, 
15s. ; strictly net. 

Contents. 

PART I., HISTORY OF THE HOP. 

PART II., THE HOP PLANT. Introductory.— The Roots.— The Stem and Leaves.— 
Inflorescence and Flower: Inflorescence and Flower of the Male Hop; Inflorescence and 
Flower of the Female Hop. — The Fruit and its Glandular Structure : The Fruit and Seed. — 
Propagation and Selection of the Hop. — Varieties of the Hop: (a) Red Hops; (b) Green Hops ; 
<c) Pale Green Hops. — Classification according to the Period of Ripening: 1. Early August 
Hops; 2. Medium Early Hops; 3. Late Hops. — Ir^uries to Growth: Malformations; Diseases 
Produced by Conditions of Soil and Climate: 1. Leaves Turning Yellow, 2. Summer or Sun- 
brand, 3. Cones Dropping Off, 4. Honey Dew, 5. Damage from Wmd, Hail and Rain ; Vegetable 
Enemies of the Hop : Animal Enemies of the Hop. — Beneficial Insects on Hops. 

PART III., CULTIVATION. The Requirements of the Hop in Respect of Climate, Soil 
and Situation : Climate ; Soil ; Situation. — Selection of Variety and Cuttings. — Planting a Hop 
Garden : Drainage ; Preparing the Ground ; Marking-out for Planting ; Punting ; Cultivation 
and Cropping of the Hop Garden in the First Year. — Work to be Performed Annually in the 
Hop Garden: Working the Ground; Cutting; The Non-cutting System; The Proper Per- 
formance of the Operation of Cutting: I. Method of Cutting : 'Close Cutting, Ordinary Cutting, 
The Long Cut, The Topping Cut ; II. Proper Season for Cutting : Autumn Cutting, Sprinfl 
Cutting ; Manuring ; Training the Hop Plant : Poled Gardens, Frame Training ; Principal 
Types of Frames ; Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant ; Picking, 
Drying and Bagging. — Principal and Subsidiary Utilisation of Hops and Hop Gardens. — Lira 
of a Hop Garden ; Subsequent Cropping. — Cost of Production, Yield and Selling Prices. 

PART IV. — Preservation and Storage. — Physical and Chemical Structure ofthe Hop Cone. 
— Judging the Value of Hops. 

PART v.— Statistics of Production.— The Hop Trade.— Index. 

Press Opinions. 

" The subject is dealt with fully in every little detail ; consequently, even the veriest tyro can 
take away some useful information from its pages." — Irish Farming World. 

'* Like an oasis in the desert comes a volume upon the above subject." — Hereford Times. 

"This is, in our opinion, the most scholarly and exhaustive treatise on the subject of hops 
that has been published.*' — Brewers' Journal. 



Wood Waste Utilisation. 

THE UTILISATION OF WOOD WASTE. Translated from 
the German of Ernst Hubbard. Crown 8vo. 1902. Fifty Illustra- 
tions. Price 5s. ; India and Colonies, 5s. 6d. ; Other Countries, 6s. net. 

Contents. 

Chapters L, General Remarks on the Utilisation of Sawdust. — IL, Employment of Saw- 
dust as Fuel, with and without Simultaneous Recovery of Charcoal and the Products of 
Distillation. — IIL, Manufacture of Oxalic Acid from Sawdust — (1) Process with Soda Lye; 
<2) Thorn's Process ; (3) Bohlig's Process.— IV., Manufacture of Spirit (Ethyl Alcohol) from 
Wood Waste — Patent Dyes (Organic Sulphides, Sulphur Dyes, or Mercapto Dyes). — V., 
Artificial Wood and Plastic Com[>ositions from Sawdust — Production of Artif^ial Wood 
Compositions for Moulded Decorations. — VL, Employment of Sawdust for Blasting Powders 
and Gunpowders. — VH., Employment of Sawdust for Briquettes — Employment of Sawdust 
in the Ceramic Industry and as an Addition to Mortar — Manufasture of Paper Pulp from 
Wood — Casks. — VIII., Various Applications of Sawdust and Wood Refuse — Calcium Carbide 
— Manure— Wood Mosaic Plaques— Bottle Stoppers— Parquetry —Fire-lighters— Carborun- 
dum.— IX., The Production of Wood Wool— Bark.— Index 
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Foods and Sweetmeats. 

THE MANUFACTURE OF PRESERVED FOODS AND 
SWEETMEATS: A Handbook of all the Processes for 

the Preservation of Flesh, Fruit and Vegetables, and for the Prepara- 
tion of Dried Fruit, Dried Vegetables, Marmalades, Fruit- Syrups and 
Fermented Beverages, and of all kinds of Candies, Candied Fruit, 
Sweetmeats, Rocks, Drops, Drag^es, Pralines, etc. By A. Hausner. 
With Twenty-eight Illustrations. Translated from the German of the 
third enlarged Edition. Crown 8vo. 225 pp. 1902. Price 7s. 6d. ; 
India and Colonies, 8s. ; Other Countries, 8s. 6d. net. 

Contents. 

Part I., The Manufacture of Conserves. — Chapters I., Introduction.— II., The Causes of 
the Putrefaction of Food. — III., The Chemical Composition of Foods. — IV., The Products of 
Decomposition. — V., The Causes of Fermentation and Putrefaction. — VI., Preservative Bodies. 
— VII., The Various Methods of Preserving Food. — VIII., The Preservation of Animal Food. — 
IX., Preserving Meat by Means of Ice. — X., The Preservation of Meat by Charcoal. — XI., 
Preservation of Meat by Drying. — XII., The Preservation of Meat by the Exclusion of Air. — 
XIII., The Appert Method.— XIV., Preserving Flesh by Smokmg.— XV., Quick Smoking.— XVI., 
Preserving Meat with Salt. — XVII., Quick Salting by Air Pressure.— XVIII., Quick Salting by 
Liquid Pressure. — XIX., Gamgee's Method of Preserving Meat. — XX., The Preservation of 
Eggs.— XXI., Preservation of White and Yolk of Egg.— XXII., Milk Preservation.— XXIII., 
Condensed Milk.— XXIV., The Preservation of Fat.— XXV., Manufacture of Soup Tablets.— 
XXVI.— Meat Biscuits.— XXVII., Extract of Beef.— XXVIII., The Preservation of Vegetable 
Foods in General. — XXIX. — Compressing Vegetables. — XXX., Preservation of Vegetables by 
Appert's Method.— XXXI., The Preservation of Fruit.— XXXII., Preservation of Fruit by 
Storage.— XXXIII , The Preservation of Fruit by Drying.— XXXIV., Drying Fruit by Artificial 
Heat.— XXXV., Roasting Fruit.— XXXVI., The Preservation of Fruit with Sugar.— XXXVII., 
Boiled Preserved Fruit. — XXXVIII., The Preservation of Fruit in Spirit, Acetic Acid or 
Glycerine. — XXXIX., Preservation of Fruit without Boiling. — XL., Jam Manufacture. — XLI., 
The Manufacture of Fruit Jellies.— XLI I., The Making of Gelatine Jellies.— XLIII., The 
Manufacture of " Sulzen." — XLIV., The Preservation of Fermented Beverages. 

Part II., The Manufacture of Candies.— Chapters XLV., Introduction.— XLVI.. The 
Manufacture of Candied Fruit. — XLVI I., The Manufacture of Boiled Sugar and Caramel. — 
XLVI 1 1., The Candying of Fruit.— XLI X., Caramelised Fruit.— L., The Manufacture of Sugar- 
Sticks, or Barley Sugar. — LI., Bonbon Making. — LII., Fruit Drops. — LIII., The Manufacture 
of Drag^es. — LIV., The Machinery and Appliances used in Candy Manufacture. — LV., Dyeing 
Candies and Bonbons. — LVI., Essential Oils used in Candy Making. — LVII., Fruit Essences. — 
LVIII., The Manufacture of Filled Bonbons, Liqueur Bonbons and Stamped Lozenges. — LIX., 
Recipes for Jams and Jellies. — LX., Recipes for Bonbon Making. — LXL, Drag^es. — Appendix. 
— Index. 



Timber Trades. 



TIMBER : A Comprehensive Study of Wood in all its Aspects 
(Commercial and Botanical), showing the Different Applications and 
Uses of Timber in Various Trades, etc. Translated from the French 
of Paul Charpentier, Expert Chemical Engineer, Assayer of the 
French Mint, etc., by Joseph Kennell. Royal 8vo. 437 pp. 178 
Illustrations. 1902. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; 
Other Countries, 15s. net. 

Contents. 

Preface.— Part I., Physical and Chemical Properties of Timber.— Chapters I., Com- 
position of the Vegetable Bodies— Chief Elements — M. Frenoy's Researches. — II., Elementary 
Organs of Plants and especially of Forests. — III., Different Parts of Wood Anatomically and 
Chemically Considered. — IV., General Properties of Wood. 

Part II., Description of the Different Kinds of Wood.— Chapters V., Principal Essences 
with Caducous Leaves. — VI., Coniferous Resinous Trees. 

Part III., Division of the Useful Varieties of Timber in the Different Countries of 
the lobe. —Chapters VII., European Timber. — VIII., African Timber. — IX., Asiatic Timber 
— ^X., American Timber. — XI., Timber of Oceania. 

Part IV., Forests. — Chapters XII., General Notes as to Forests ; their Influence. — Xlil. 
Opinions as to Sylviculture — Improvement of Forests. — XIV., Unwooding and Rewooding— 
Preservation of Forests. — XV., Exploitation of Forests. — XVI., Damage caused to Forests — 
Different Alterations. 

Part v., The Preservation of Timber.— Chapters XVII., Generalities— Causes and 
Progress of Deterioration — History of Different Proposed Processes. — XVIII., Dessication — 
Superficial Carbonisation of Timber. — XIX., Processes by Immersion — Generalities as to 
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Antiseptics Employed. — XX., Injection Processes in Closed Vessels. — XXL, The Boucherie 
System, Based upon the Displacement of the Sap. — XXII., Processes for Making Timber 
Uninflammable. 

Part VI., Applications of Timber.— Chapters XXIII., Generalities— Working Timber- 
Paving — Timber for Mines — Railway Traverses. — XXIV., Accessory Products — Gums — Works 
of M. Fremy — Resins — Barks— Tan— Application of Cork. — XXV., The Application of Wood 
to Art and Dyeing.— XXVI., Different Applications of Wood— Hard Wood— Distillation of 
Wood — Pyroligneous Acid — Oil of Wood— Distillation of Resins. — Index. 

[See also " Wood Waste Utilisation,'' p. 33.] 

Fancy Goods Manufacture. 

THE ART OF DYEING AND STAINING MARBLE, 

ARTIFICIAL STONE, BONE, HORN, IVORY AND 

WOOD, AND OF IMITATING ALL SORTS OF 

WOOD. A Practical Handbook for the Use of Joiners, 
Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers, 
Comb Makers, etc. Translated from the German of D. H. Soxhlet, 
Technical Chemist. Crown 8vo. 168 pp. 1902. Price 5s. ; India and 
Colonies, 5s. 6d. ; Other Countries, 6s. net. 

Contents. 

Preface. — Introduction. — Chapters I., Mordants and Stains: Acids, 'Alkalies, Iron Salts, 
Copper Salts, Aluminium Salts, Chromium Salts, Tin Salts, Lead Salts, Manganese Saltan 
Silver and Gold Salts. — II., Natural Dyes : Redwood, Red Sandalwood, Madder, Orchil, Cudbear, 
Lac-Dye, Cochineal, Saffron, Annatto, Safflower, Fustic, Pustet, Quercitron, Flavin, Turmeric, 
Weld and its substitutes, Persian Berries, Barberry Root,Indigo, Logwood.Cutch, Galls, Sumach, 
Knoppem. — III., Artificial Pigments: White Lead, Naples Yellow, Red Lead, Smalts, Ultra- 
Manne, Cinnabar, Prussian Blue, Orpiment, Realgar, Chrome Green, Chrome Yellow, Chrome 
Red, Chrome Orange, Mosaic Gold, Green Mineral Colours, Red Ochres, Rouge, Cadmium 
Yellow. — IV., Coal Tar Dyes : Reds, Yellows and Oranges, Blues, Violets, Greens, Browns, 
Grey and Black — Aniline Dyes Soluble in Fat : Resinate Colours, Aniline Lakes. — V., Staining 
Marble and Artificial Stone : Red, Violet, Blue, Green, Yellow, Orange, Brown, Black, Execu- 
tion of Parti-Coloured Designs. — VI., Dyeing, Bleaching and Imitation .of Bone, Horn and 
Ivory — Bone Bleaching — Dyeing Bone: Black, Red, Yellow, Blue, Violet, Green, Grey and 
Brown — Horn, Bleachmg and Whitening — Dyeing Black, Grey, Brown, Blue, Green, Violet 
and Red — Imitation of Tortoiseshell for Combs : Yellows, Dyeing Nuts. — Ivory : Dyeing Black, 
Red, Yellow, Blue, Violet, Green, Grey and Brown — Further Remarks on Ivory Dveing. — VII., 
Wood Dyeing : Black, Grey, Brown, Violet, Blue, Red, Yellow, Green — Imitation or Msihogany : 
Dark Walnut, Oak, Birch-Bark, Elder-Marquetry, Walnut, Walnut-Marquetry, Mahogany, 
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